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1. INTRODUCTION 
 
This study is a part of extensive ongoing investigations into excavation damage at the 
ONKALO research facility in Olkiluoto, Finland. It is a part of preparations for final 
disposal of nuclear waste. Excavation causes damage to surrounding rock mass known 
as excavation damage (Siren et al., 2015), which can lead to increased hydraulic 
conductivity. Possible transport of radionuclides with water within the fractured 
bedrock is considered one of the key risks to long-term safety of the disposal facility 
(Mustonen et al., 2010). It is therefore important to know the extent of the excavation 
damage and define its significance. 
 
This study is one of the investigations carried out in the dedicated study area in ONK-
TKU-3620 in ONKALO. For an overview, see Mustonen et al. (2010). Focus here is on the 
physical and mechanical properties of specimens taken from drill cores extracted from 
the floor of the study area. The specimens cover both damaged, and relatively fresh rock 
mass. 
 
Main goal of this study is to examine the physical properties of the rock mass to find 
indicators of excavation damage and/or more general defects. These may be anomalous 
physical properties linked to increased porosity or lower mechanical strength in the 
specimens, ideally associated with shallow depths from the tunnel floor surface. Links 
to physical properties are preferred as in most cases geophysical measurements do not 
require sampling and are faster, easier and more cost-effective than rock mechanical 
measurements. 
 
The secondary goal of this study is to find associations with dynamic and static elastic 
properties. Dynamic measurements are expected to overestimate the strength 
properties, as they do not fully account for existing macro scale fracturing and weakness 
planes. Site specific correction for this offset would allow the use of geophysical 
measurements to estimate rock mechanical properties.
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For convenience, used symbols and abbreviations are listed in Table 1.1. 
 
Table 1.1: List of symbols and abbreviations. 
  GTK Geological Survey of Finland 
ISRM International Society of Rock Mechanics 
SP Technical Research Institute of Sweden SP 
STUK Radiation and Nuclear Safety Authority  
PGR Pegmatitic granite 
VGN Veined gneiss 
DGN Diatexitic gneiss 
EDZ Excavation Damage Zone 
EDZCI Construction induced excavation damage zone 
EDZSI Stress-induced excavation damage zone 
BIDZ Blast-Induced damage zone 
HDZ Highly damaged zone 
EdZ Excavation disturbed zone 
EIZ Excavation influenced zone 
GPR EDZ Ground penetrating radar method for characterisation of excavation damage 
Specimen Rock specimen 
Set Set of specimens 
Sample Statistical sample 
AX Axial measurement direction 
AC Lateral measurement direction (along foliation) 
BD Lateral measurement direction (against foliation) 
CI  Crack initiation stress 
CD Crack damage stress 
UCS Uniaxial compressive strength (testing/specimen) 
BR Brazilian test specimen 
AI Acoustic impedance 
SI Shear impedance 
PI Poisson impedance 
C Inverse of the litho-fluid trend (see Quakenbush et al., 2006) 
ν Poisson’s ratio 
λ Lame’s first parameter 
G Shear modulus 
M P-wave modulus 
K Bulk modulus 
E Young’s modulus 
ρ Density, or Spearman rho value 
V theoretical radar velocity 
 c Speed of light in vacuum 
εr Relative permittivity 
R01 Electrical resistivity, at 0.1 Hz 
R10 Electrical resistivity, at 10 Hz 
R500 Electrical resistivity, at 500 Hz 
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2. FINAL DISPOSAL OF NUCLEAR WASTE 
 
Posiva Oy is responsible for the final disposal of the used nuclear fuel of its owners 
Teollisuuden Voima Oyj and Fortum Power & Heat Oy. In this section, the basic principles 
of final disposal of nuclear waste are discussed. The system is briefly introduced, 
including governing legislation, method chosen by Posiva Oy and the long-term goals of 
the project. The Olkiluoto site chosen for the disposal is also introduced, as well as the 
excavation damaged zone (EDZ) study area, to which this work focuses. 
 
According to the Radiation and Nuclear Safety Authority (Säteilyturvakeskus, STUK), by 
the end of 2012 nuclear energy production in Finland has produced approximately 9500 
m3 of low- and intermediate-level waste, such as filters and contaminated clothing 
(STUK, 2014). In addition, by the end of 2012 the nuclear power stations in Finland have 
produced used fuel equivalent to approximately 1870 tons of uranium, and continue to 
use fuel at a rate of approximately 70 tons of uranium per year (STUK, 2013). This used 
fuel is considered high-level radioactive waste which is highly active early on and 
remains dangerous for a long time, and must be efficiently isolated from the biosphere 
(STUK, 2013). The used fuel is currently being stored in water tanks for a period of 30-
50 years to decrease the activity and heat production to allow final disposal (STUK, 
2013). 
 
 
2.1. Final disposal of nuclear waste in Finland 
 
The key codes on the subject are the Nuclear Energy Act (Ydinenergialaki, YEL 
11.12.1987/990), the Nuclear Energy Degree (Ydinenergia-asetus, YEA 12.2.1988/161) 
and the Government Decree on the safety of the disposal of nuclear waste 
(Valtioneuvoston asetus ydinjätteiden loppusijoituksen turvallisuudesta, VNA 
27.11.2008/736). Final disposal of nuclear waste in Finland is regulated in national 
legislation, and is supervised and approved by STUK (YEL, 33§). 
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The Nuclear Energy Act defines nuclear waste as “radioactive waste formed during or as 
the result of the use of nuclear energy, in the form of spent nuclear fuel or otherwise” 
(YEL, 3§). According to the act, “nuclear waste formed during or as the result of the use 
of nuclear energy in Finland, are to be disposed of in a permanent manner in Finland” 
(YEL, 6§). Furthermore, it is stated, “after the final disposal, nuclear waste cannot cause 
a radiation exposure larger than what is considered acceptable at the time of disposal” 
and that “disposal must be planned so that ensuring long-term safety does not require 
monitoring” (YEL, 7h§). These are the key motivations behind the final disposal project, 
and choosing geological disposal deep in the bedrock. 
 
The Nuclear Energy degree defines the principles of the final disposal of nuclear waste 
in more detail, and states the duties, responsibilities and licencing processes for the 
producers of nuclear energy and facilities for nuclear waste management. Key points 
considered for the licence for final disposal are safety, environmental effects, economic 
efficiency and suitability to Finland (YEA, 26§). 
 
The most specific code is the Government decree on the safety of disposal of nuclear 
waste, which is limited to final disposal of nuclear waste in bedrock (VNA 2008/736, 1§). 
It gives thresholds for the effects of radiation from the final disposal (2§, 3§) and 
demands the final disposal to be designed in such a manner that those thresholds are 
not exceeded (VNA 2008/736, 4§). It also sets the timescale for the evaluation of the 
effects as “at least several thousands of years”, and states that the effective dose should 
not exceed 0.1 mSv per year for those most affected. That is equivalent to three percent 
of the average yearly dose for a Finn from natural sources of radiation (STUK, 2009), and 
that after the evaluation period the effects should not exceed natural levels (VNA  
2008/736, 4 §). 
 
The decree also states, “the effects of unlikely events that negatively affect the long-
term safety of the final disposal must be evaluated” (VNA 2008/736, 5§) and demands 
the use of “high quality scientific information” in the planning process to ensure long-
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term safety (VNA 2008/736, 10§). It is also stated that the bedrock at the disposal site 
must be suitable for the isolation of radionuclides from the biological environment and 
that the site chosen cannot have qualities that are clearly unfavourable for the long-
term safety (VNA 2008/736, 12§). One such unfavourable quality could be damage 
caused by the excavation, if it allows the transportation of radionuclides close to the 
surfaces of the excavated volume. It is further stated that the properties of the bedrock 
must be determined with investigations performed at the disposal level and that the 
excavation must be done so that the bedrock best retains the qualities important for 
long-term safety (VNA 2008/736, 12§). Finally, the long-term safety and suitability of the 
disposal site must be demonstrated with numerical analysis based on empirical data and 
supplementary analysis when there are large uncertainties involved (VNA 2008/736, 
14§). These are clearly the sections of the decree driving the project aiming at the 
characterisation of the excavation damaged zone. 
 
The goal of the process is to ensure the safe disposal of radioactive waste, as specified 
in the legislation (YEL; YEA; VNA  2008/736). The method chosen is deep geological 
disposal, placing the waste deep in the bedrock. The chosen disposal method is the 
multilple-barriers method KBS-3, originally developed by the Swedish, and more 
precisely it’s vertical variant KBS-3V. As the name suggests, the used fuel is isolated from 
the environment with multiple engineered barriers; first the fuel pellet casing, then the 
fuel rod, a canister containing the rods, a copper capsule containing the canister, 
bentonite surrounding the copper capsule in the disposal hole, filling in the tunnels, and 
finally several hundred meters of bedrock. (Palomäki & Ristimäki (eds.), 2013). 
 
The disposal method is covered in more detail in Posiva Working Report 2012-66 
(Palomäki & Ristimäki (eds.), 2013). A schematic representation of the method is shown 
in Figure 2.1. 
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Figure 2.1: Schematic representation of the selected multiple barriers disposal method KBS-3V. Image 
courtesy of Posiva Oy. 
 
 
2.2. The Olkiluoto site 
 
The site chosen for the disposal in Finland is in the island of Olkiluoto, in Western 
Finland, near Olkiluoto nuclear power station. Preparations for the disposal have taken 
place over several decades, starting in the late 1970’s. Objectives and schedule of the 
disposal program were decided in 1983, and Teollisuuden Voima Oy conducted the first 
studies in the 1980’s and early 1990’s, while Imatran Voima Oy, the predecessor of 
Fortum, transported its waste to the Soviet Union and later into Russia. In 1994, the 
Nuclear Energy Act prohibited the export of nuclear waste, leading to the formation of 
Posiva. (Posiva Oy, 2016) 
 
The selection of the disposal site started with screening studies of the entire country in 
1983-1985 (Salmi et al., 1985). These were followed by preliminary site investigations in 
1986-1992 (Teollisuuden Voima Oy, 1992). In 1993-2000 detailed site investigations and 
environmental impact assessments were performed on four locations: Kivetty (Anttila 
et al., 1999a), Olkiluoto (Anttila et al., 1999b), Hästholmen (Anttila et al., 1999c), and 
Romuvaara (Anttila et al., 1999d). All sites were found theoretically suitable for the final 
disposal. Local consent was highest for Olkiluoto and Hästholmen which already hosted 
the nuclear power stations. Of these, Olkiluoto had a larger area for the repository, as 
well as more spent fuel already in the area. In 1999 Posiva submitted an application for 
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a decision-in-principle from the Government, and proposed Olkiluoto as the site, and 
KBS-3 as the method. After approval by the municipality of Eurajoki, and STUK, a 
decision-in-principle by the Government was made in December 2000, and ratified by 
the Parliament in May 2001. (Posiva Oy, 2016) 
 
The bedrock in Olkiluoto consists of two major rock classes: supracrustal, variably 
migmatised high-grade metamorphic rocks (veined gneisses, stromatic gneisses, 
diatexitic gneisses, tonalitic-granodioritic-granitic gneisses, mica gneisses, quartz 
gneisses and mafic gneisses), and igneous rocks (pegmatitic granites, K-feldspar 
porphyry and diabase).  This classification is used in geological mapping, and is based on 
the British Geological Survey standards (Mattila, 2006). Location and general geologic 
map of Olkiluoto area is shown in Figure 2.2. 
 
The metamorphic rocks in Olkiluoto have seen five stages of polyphased ductile 
deformation that has caused thrust-related folding, strong migmatisation, and pervasive 
composite foliation. Additionally, the rocks in Olkiluoto have seen extensive, low 
temperature hydrothermal alteration, with the temperature conditions estimated at 
100 °C to 300 °C. Two types of alteration are observed: pervasive alteration and fracture 
controlled alteration. Alteration events observed are mainly clay mineralisation 
(kaolinite, illite) and sulphidisation. Fault zones in Olkiluoto are mainly SE dipping thrust 
faults formed during the last stages of the Fennian orogeny at 1.8 Ga, and reactivated in 
deformation events. Additionally, NE-SW striking strike-slip faults are common. 
(Aaltonen et al., 2010) 
 
The strength properties of the rock and the in-situ stress state control the formation of 
fractures around underground openings. The heterogeneous bedrock on Olkiluoto 
causes the observed strength properties to vary greatly, yet no depth or location 
dependencies have been observed. The maximum stress component varies at shallower 
depths, but is estimated to be at the disposal depth to direction 122°, with an estimated 
major principal stress magnitude of 25 MPa. (Posiva Oy, 2012) 
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For more details of the local geology, see the Olkiluoto site geological model, reported 
in Posiva Working Report 2010-70 (Aaltonen et al., 2010). Overview of the rock 
mechanics model of ONKALO has been reported in Posiva Working Report 2014-32 
(Häkkinen et al., 2014). A detailed description of the Olkiluoto site in general has been 
reported in Posiva Report 2011-02 (Posiva Oy, 2012). A review of the status of the waste 
management program as well as future plans can be found in report YJH-2015 (Posiva 
Oy, 2015). 
 
 
Figure 2.2: Location of the Olkiluoto disposal site (left) and the planned layout of the disposal facility 
and current ONKALO research facility in yellow (right) laid over generalised geologic maps. Left: 
geological map from Geological survey of Finland open maps. Right: geological map adapted from 
Posiva Working Report 2007-42 (Gehör et al., 2007). 
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2.3. Excavation Damaged Zone and the study area 
 
One of the key risks to long-term safety of the disposal is the transport of radionuclides 
with water in fractured bedrock (Mustonen et al., 2010). Excavation causes damage to 
the surrounding rock mass known as the excavation damage, which occurs as the 
formation of new fractures and opening of natural fractures and boundaries between 
mineral grains, leading to increased porosity (Siren et al., 2015). Changes in the rock 
mass and fracture properties have been observed near the excavation volume (Hudson 
et al., 2009; Tsang et al., 2005). Using Drill & Blast excavation method, increases of 
permeability up to three orders of magnitude have been observed near the tunnel 
surface, while the increase seems to be smaller for tunnel boring (Tsang et al., 2005). 
Hudson et al. (2009) divided the observed excavation damage into inevitable responses 
to excavation, and additional disturbances. Similar approach was adopted by Eberhardt 
and Diederichs (2012) and Siren et al. (2015); both divided excavation damage to stress 
induced and construction induced, based on the mechanism. 
 
Siren et al. (2015) go a step further in the classification, and divide construction induced 
damage into three types, and stress induced damage into two types, based on the 
mechanisms behind them. In the construction induced regime, they identify Blast-
Induced damage zone (BIDZ), Highly damaged zone (HDZ) and Construction induced 
excavation damage zone (EDZCI). In the stress induced regime, they identify Stress-
induced excavation damage zone (EDZSI) and Excavation disturbed zone (EdZ). In the 
most recent work, (Siren, 2015) has replaced the Excavation disturbed zone with the 
Excavation influenced zone (EIZ). A schematic representation of the different damage 
zones and their properties is shown in Figure 2.3. It must be noted that this classification 
represents the views of its creators, and not necessary those of Posiva. 
 
Excavation damage has been studied extensively in different environments. Large 
portion of the research interest is related to the final disposal of nuclear waste (Hudson 
et al., 2009; Kwon et al., 2009; Labiouse and Vietor, 2014; Martino and Chandler, 2004; 
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Tsang et al., 2005; Jonsson et al., 2009). Other environments studied include mining 
(Malmgren et al., 2007), hydropower (Wu et al., 2009) and underground construction 
(Wassermann et al., 2011). Examples of methods used to study excavation damage 
include: electrical and electromagnetic methods (Gibert et al., 2006; Kwon et al., 2009; 
Lesparre et al., 2013; Nicollin et al., 2010), seismics and ultrasonics (Balland and Renaud, 
2009; Damaj et al., 2007; Douglas and Hudson, 1990; Malmgren et al., 2007), hydraulic 
methods (Wassermann et al., 2011) and laboratory testing (Alam et al., 2014; Kwon et 
al., 2009; Labiouse and Vietor, 2014). 
 
 
Figure 2.3: Schematic representation of the different damage zones. Adapted from Siren (2015). 
 
In order to understand possible fluid transport properties of the rock mass, and further 
the possible transport of radionuclides, the excavation damaged zone (EDZ) must be 
characterised. Key questions are the depth of the damaged zone from the excavated 
surface, and its efficient identification. There is a special study area dedicated for this 
process in ONK-TKU-3620, in which broad investigations have already taken place 
(Koittola, 2014; Mustonen et al., 2010).  
 
Investigations carried out in ONK-TKU-3620 include early hydrological measurements 
summarised by Mustonen et al. (2010), as well as more recent studies reported in two 
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Posiva Working Reports (Rohs et al., 2016a, 2016b). Hydrological fracture network 
modelling will be reported in Posiva Working Report 2016-XX (Follin et al., 2016). 
Geophysical methods used, including ground penetrating radar (GPR), electrical 
resistivity tomography, mise-à-la-masse survey, as well as optical and acoustic drill hole 
imaging campaigns will all be included in Posiva Working Report 2016-XX (Heikkinen et 
al., 2016a), seismic tomography will be summarised in Posiva Working Report 2016-XX 
(Huang et al., 2016). Numerical forward modelling of the behaviour of GPR signal in 
synthetic medium will be reported in Posiva Working Report 2016-XX (Heikkinen et al., 
2016b). A qualitative comparison of different methods for detection and 
characterization of excavation damage will be reported in Posiva Working Report 2016-
XX (Koittola et al., 2016). 
 
A detailed geological 3D model of ONK-TKU-3620, based on geological mapping of drill 
holes and ONK-TKU-3620, as well as geophysical measurements, is presented in Posiva 
Working Report 2014-35 (Koittola, 2014). A detailed geological 3D model of the study 
area, based on geological mapping from drill holes, fracture analysis and geological 
characterisation of slabs wire sawn from blocks extracted from the study area, and 
geophysical measurements, will be reported in Posiva Working Report 2016-XX (Koittola 
et al., 2016). The block sawing experiment will be reported separately in Posiva Working 
Report 2016-XX (Olsson et al., 2016). 
 
Earlier studies on the excavation damaged zone have been summarised in Posiva 
Working Report 2008-66 (Mellanen et al., 2009). The campaign focused on two aspects 
of EDZ: groundwater flow and chemical stability of the disposal facility, and transport 
properties near disposal holes. Numerical modelling results suggested that excavation 
damage causes only minor changes in groundwater flow rates and transmissivity. 
Characterisation of EDZ was performed using GPR, seismics and various tests on drill 
core specimens. The report was careful not to draw any conclusions, but suggested 
further testing on all aspects. (Mellanen et al., 2009) 
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Earlier studies from ONK-TKU-3620 have been summarised in Posiva Working Report 
2010-27 (Mustonen et al., 2010). This campaign carried on based on the suggestions of 
the report by Mellanen et al. (2009). Main aim of the campaign was to improve the Drill 
& Blast excavation method to control the damage, and to verify feasibility of GPR in 
characterisation of excavation damage. Investigations were carried out before and after 
the excavation of ONK-TKU-3620, to compare the undisturbed and damaged rock mass. 
Differences in the data obtained before and after excavation were evaluated for markers 
of excavation damage. GPR, seismic and borehole geophysical techniques revealed 
responses with similar positions, but different geometries. The report was again careful 
with conclusions, but did state that “there are measurable EDZ phenomena behind the 
tunnel surface” and that “EDZ is not a continuous layer”. (Mustonen et al., 2010) 
 
This study focuses on analysis of petrophysical and rock mechanical drill core specimens 
from the study area and will be reported in Posiva Working Report 2016-XX (Kiuru, 
2016). The aim of the study is to search for the effect of the excavation on the rock 
physical and/or mechanical properties, and to find an effective way to detect it. More 
details of the measurements carried out for this study will be reported in Posiva Working 
Report 2016-XX (Jacobsson et al., 2016). A detailed analysis of the micro fractures in the 
specimens and their relation to associations observed here will be reported in Posiva 
Working Report 2016-XX (Kovacs et al., 2016). All studies mentioned above will be 
summarised in an upcoming Posiva Report (Mustonen et al., 2017). 
 
This study is mainly interested in the significantly damaged, hydraulically anomalously 
conductive layer near the surface of the excavated volume. This layer is significantly 
deeper for Drill & Blast method compared to tunnel boring (Davies et al., 2005; Tsang et 
al., 2005). Estimates for the layer thickness vary significantly based on the method used, 
and locale. Estimates from Äspö Hard Rock Laboratory in Sweden using different seismic 
and ultrasonic methods range from 0.1 m to 0.5 m (Emsley et al., 1997; Jonsson et al., 
2009). Estimates from ONKALO based on the GPR EDZ method range from 0.06 m to 
0.18 m (Siren et al., 2015), based on electrical resistivity tomography from 0.05 to 0.20 
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m (Kiuru et al., 2015). Additionally, visual observations from the wire sawn slabs from 
the study area indicate increased fracturing in the first 0.3 m (Olsson et al., 2016). 
 
The excavation damaged zone study area in ONK-TKU-3620 is located at a depth of 345 
meters from ground surface, along the ONKALO access tunnel (Figure 2.4). ONK-TKU-
3620 is approximately 50 m long by 10 m wide, oriented North-South and tilted upwards 
at 5 % angle. The excavation method used was Drill & Blast. (Mustonen et al., 2010) 
 
Figure 2.4: Location of ONK-TKU-3620 in ONKALO marked with red circle. Viewed from South. Image 
courtesy of Posiva Oy. 
 
Figure 2.5: Location of the excavation damage zone study area in ONK-TKU-3620 in ONKALO. Red 
lines mark the boundaries of the study area. Locations of the drill holes are marked in green (set 1) 
and blue (set 2). Coordinates are in the Finnish National Coordinate System KKJ zone 1. 
14 
 
The study area at the South end of ONK-TKU-3620 is approximately 9 meters by 2 meters 
in size and contains 30 vertical drill holes, on average 1.3 m deep, grouped in a regular 
squared lattice each 1 m from the nearest neighbouring holes. In addition, 14 more drill 
holes varying in length between approximately 1.2 and 1.8 m were drilled in directions 
selected based on local foliation. The location of the study area in ONK-TKU-3620, and 
the locations of the drill holes selected for the study are illustrated in Figure 2.5. 
 
The study area consists mainly of veined gneiss (VGN) with some specimens classified as 
diatexitic gneiss (DGN) dominating in the South end and pegmatitic granite (PGR) at the 
North end (Koittola, 2014). Estimating the abundances from the 3D lithological model, 
the gneissic specimens (VGN + DGN) make up approximately 63 % of the volume, 
whereas the granitic (PGR) specimens make up the remaining 37 %. The rock mass is 
considerably sound with only minor fracturing (Koittola, 2014), making it ideal for 
studying the effects of excavation damage. The lithological model of the study area is 
shown in Figure 2.6. 
Figure 2.6: Lithological model of the excavation damage zone study area in ONK-TKU-3620 in 
ONKALO. Red is pegmatitic granite, light blue is veined gneiss. Paths of drill holes are marked with 
green (set 1) and blue (set 2). Coordinates are in the Finnish National Coordinate System KKJ zone 1 
and elevations are from the International Ellipsoid 1924. Lithological model courtesy of Noora 
Koittola, Posiva Oy. 
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3. SPECIMENS 
 
Two sets of specimens were taken from the EDZ study area in ONK-TKU-3620.  Both 
specimen sets were further divided into subsets 1a/2a and 1b/2b. This section describes 
these specimen sets, the basic properties of the specimens in each set, and the selection 
process. Set 1 specimens were subjected to basic petrophysical analysis, and for subset 
1a S-wave velocity was also measured. Set 2 specimens were subjected to rock 
mechanical testing, as well as some basic petrophysical tests. The spatial and depth 
distributions of the specimens are shown in Figures 3.1 and 3.2, respectively. A summary 
of the tested properties for each specimen set is shown in Table 3.1, and full listing of 
the specimens with the tested properties can be found in Appendix A. Spatial 
distribution of the specimens is shown in Figures 3.1 and 3.2. 
 
Figure 3.1: Horizontal spatial distribution of the specimens in the EDZ study area. Shaded area 
represents the study area. Locations of the drill holes are marked with a circle, green is specimen set 
1 and blue is specimen set 2. All drill holes are ONK-SH[NUMBER] type, where only the numbering is 
shown in the figure. Only holes sampled in this study are included above. Coordinates are in the 
Finnish National Coordinate System KKJ zone 1. 
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Figure 3.2: Depth distribution of specimens in an East-West cross-section of the EDZ study area. 
Orange lines represent the boundaries of the study area, thicker dashed line is the Western boundary 
and thinner dotted line is the Eastern boundary. Locations of the drill holes are marked with a circle; 
red is specimen set 1 and blue is specimen set 2. Note that targets sharing the same northing and 
elevation cannot be distinguished. Level of transparency has been set to help note multiple 
overlapping targets. Centres of the specimens are marked with a cross. The top of each specimen is 
marked with a blue downward facing triangle, and the bottom of each specimen with a red upward 
facing triangle. Northings are in the Finnish National Coordinate System KKJ zone 1 and elevations 
are from the International Ellipsoid 1924. 
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Table 3.1: Tested and calculated properties for each specimen set. 
 Set 1 Set 2 
PROPERTIES MEASURED 1a 1b 2a 2b 
Density X X X X 
Porosity X X X X 
Magnetic susceptibility X X X  
Remanent magnetisation X X X  
Electrical resistivity, R0.1, R10 and R500* X X X  
Relative permittivity X X1 X2 X 
P-wave velocity, unloaded X X X X 
S-wave velocity, unloaded X   X 
P- and S-wave velocities, loaded    X 
Crack initiation stress    X3 
Crack damage stress    X4 
Uniaxial compressive strength    X 
Poisson’s ratio (from UCS)    X 
Young’s modulus (from UCS)    X 
Tensile strength   X2  
     
PROPERTIES CALCULATED     
Q-ratio X X X  
IP estimates, PL and PT X X X  
Theoretical radar velocity X X1 X2 X 
P/S ratio, unloaded X   X 
Acoustic impedance, unloaded X X X X 
Shear impedance, unloaded X   X 
Poisson impedance, unloaded X   X 
Poisson’s ratio, unloaded X   X 
Lame’s first parameter, unloaded X   X 
Shear modulus, unloaded X   X 
P-wave modulus, unloaded X X X X 
Bulk modulus, unloaded X   X 
Young’s modulus, unloaded X   X 
Elastic parameters, loaded     X 
Elastic parameters, from UCS    X 
P- and S-wave velocities, from UCS    X 
CI/UCS –ratio    X3 
CD/UCS –ratio    X4 
1Not specimens EDZ101-EDZ107, 2Not specimen KM4 BR, 3Not specimen 
KM26 UCS, 4Not specimens KM15 UCS, KM23 UCS and KM26 UCS 
*R0.1 is measurement at 0.1 Hz, R10 at 10 Hz and R500 at 500 Hz 
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3.1. Specimen set 1 
 
Specimen set 1 contains a total of 80 specimens from 12 drill cores, and was further 
divided into subsets 1a of 20 specimens, and 1b of 60 specimens. Drill cores included 
were ONK-SH31 to ONK-SH39, ONK-SH44, ONK-SH45 and ONK-SH49, and their lengths 
varied from 1.27 m to 1.33 m. The rock types present in the specimens are veined gneiss 
(39 pcs, 49 %), diatexitic gneiss (13 pcs, 16 %) and pegmatitic granite (28 pcs, 35 %). The 
rock types were determined from the core by Posiva geologist Noora Koittola. 
Specimens were cut to approximately 50 mm length and their nominal diameter was 68 
mm. 
 
Specimens were selected based on four key criteria: the distribution of rock types should 
represent the geology of the site, the specimens from each hole should create a 
sequence as uniform as possible, the specimens should be from as close to the surface 
as possible to see the excavation damage effect, and the specimens should represent 
the rock types as well as possible. Between 5 and 10 intact specimens with minimal 
fracturing were taken from each hole and their centre depths varied between 0.054 m 
and 0.79 m from the study area surface. Best sequences were selected for specimen set 
1a, bearing in mind geological representativeness.  
 
All set 1 specimens were tested for basic petrophysics including measurements of 
density, porosity, electrical resistivity, magnetic susceptibility, remanent magnetisation 
and unloaded P-wave velocity. Set 1a specimens were sent to further analysis for 
determination of unloaded S-wave velocity. Density, porosity and P-wave velocity were 
also remeasured. For all of the set 1a specimens and 53 of the 60 set 1b specimens, 
relative permittivity was also measured. 
 
A list of the holes with hole details and number of specimens per hole can be found in 
Appendix B. More detailed listings of the specimens are found in Appendix A and 
specimen photographs in Appendix C. 
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3.2. Specimen set 2 
 
Specimen set 2 contains a total of 52 specimens from 14 drill cores, and was further 
divided into subsets 2a of 26 specimens, and 2b of 26 specimens. Drill cores included 
were ONK-SH228 to ONK-SH233 and ONK-SH235 to ONK-SH242, and their lengths varied 
from 1.21 m to 1.82 m. Rock types present in the specimens are veined gneiss (20+20 
pcs, 77 %) and pegmatitic granite (6+6 pcs, 23 %). The rock types were determined from 
the core by Posiva geologist Johanna Savunen. Ideally the specimen length was 230 mm, 
which was cut into two specimens of 50 mm and 180 mm, for specimen sets 2a and 2b 
respectively. Due to rock fracturing this was not always possible, and two specimens of 
50 mm and 180 mm were taken as close to each other as possible. Nominal diameter of 
the specimens was 68 mm. 
 
Specimens were selected to represent veined gneiss (VGN) and pegmatitic granite (PGR) 
as these are the dominant rock types in the study area. Ideally specimens were chosen 
so that the two sub specimens could be taken from one piece of core. Gneiss specimens 
were selected so that half of them were taken along the foliation and the other half 
perpendicular to it. Between 1 and 3 pairs of specimens were taken from each hole, and 
their centre depths varied between 0.225 m and 1.64 m from the study area surface. 
 
For set 2a specimens petrophysical properties were determined, including 
measurements of density, porosity, electrical resistivity, magnetic susceptibility, relative 
permittivity, remanent magnetisation and unloaded P-wave velocity. In addition, a 
Brazilian test for indirect tensile strength was conducted, and in conjunction with the 
test density and porosity were remeasured. One of the specimens, EDZ KM4 BR broke 
during the second preparation cycle and is missing the relative permittivity and Brazilian 
test results. 
 
Set 2b specimens were too large for basic petrophysics, and for them only density, 
porosity, relative permittivity and unloaded P- and S-wave velocities were determined. 
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In addition, P- and S-wave velocities were measured in three dimensions under uniaxial 
load with levels of 2.5 MPa, 5.0 MPa, 10.0 MPa, 15.0 MPa and 20.0 MPa covering the 
expected pressures down to well below disposal level. Finally set 2b specimens were 
subjected to uniaxial compressive strength test. 
 
A list of the holes with hole details and number of specimens per hole can be found in 
Appendix B. More detailed listings of the specimens are found in Appendix A and 
specimen photographs in Appendix C. 
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4. MEASUREMENTS 
 
In this section, measurement techniques and details, as well as the theory behind the 
measurements are briefly described. The section is divided by property, and the 
specimens subjected to each test are listed. Testing on the specimens was carried out 
by four different operators: Geological Survey of Finland (GTK) in Otaniemi, Espoo; 
Geofcon at GTK premises, Technical Research Institute of Sweden (SP) in Borås, and the 
author at SP premises. Measurements carried out by GTK were based on their well-
established standard, deviating only in the way that in this case the specimens were 
saturated in saline in situ water from ONKALO, as compared to typical tap water 
saturation. All tests were carried out for specimens saturated with saline in situ water 
unless otherwise stated. 
 
Details of GTK procedures are described in Appendix D. Measurements on carried out 
by SP, as well as cross-validation between SP and GTK results will be described in more 
detail and illustrated in Posiva Working Report 2016-XX (Jacobsson et al., 2016). Details 
on measurements carried out on each specimen can be found in Appendix A. 
 
 
4.1. Specimen preparation 
 
Specimens were initially cut to the correct length at GTK, to approximately 50 mm for 
sets 1 and 2a, and to approximately 180 mm for set 2b. The ends of the specimens were 
grinded to ensure good contacts for electrical resistivity and P-wave velocity 
measurements. After initial preparations at GTK specimens were photographed and 
foliation angles were measured. Specimen photographs can be found in Appendix B and 
foliation measurements are included in Appendix E. 
 
Set 2 specimens were prepared again at SP to meet the higher standards of the 
International Society of Rock Mechanics (ISRM) Suggested Methods for Brazilian and 
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UCS tests, as well as to ensure good contact for the S-wave velocity measurements. The 
Brazilian specimens were cut to a length approximately equal to the specimen radius, 
and the ends grinded to be flat to a tolerance of 0.25 mm and parallel with each other 
to a tolerance of 0.25° as specified by the ISRM suggested method (ISRM, 1978). The 
UCS specimens were cut to a length of 2.5 to 3.0 times the specimen diameter, and the 
ends grinded to be perpendicular to the axis of the specimen to a tolerance of 0.001 
radians deviation, as specified by the ISRM suggested method (ISRM, 1979). 
 
Before the measurements, all specimens were saturated in diluted saline in situ water. 
The in situ saturation water was diluted with ion-exchanged water to an electrical 
conductivity value of approximately 1240 mS/m, corresponding to a typical measured 
salinity values at ONK-TKU-3620. The salinity of the in situ water in ONKALO varies 
greatly, and has been described in Posiva Working Report 2000-26 (Ruotsalainen et al., 
2000). An empirical model has been created for Olkiluoto groundwater to link 
conductivity values in mS/m to values of total dissolved solids (TDS) in g/l (Ruotsalainen 
et al., 2000): 
 
𝑇𝐷𝑆[𝑔 𝑙⁄ ] = 8.358 ∙ 10−8 ∙ 𝐸𝐶[𝑚𝑆 𝑚⁄ ]2 + 6.9927 ∙ 10−3 ∙ 𝐸𝐶[𝑚𝑆 𝑚⁄ ] (4.1) 
 
Which for the 1240 mS/m conductivity values gives a TDS content of approximately 7.56 
g/l. Specimens were fully submerged in the saturation water for a period of at least two 
weeks to ensure full saturation. Saturation was done in normal laboratory temperature 
and pressure conditions. 
 
 
4.2. Density and porosity 
 
Density and porosity were measured both by GTK and by SP. SP first dried the specimens 
and measured the dry weights, then saturated the specimens and measured the weights 
in water, and then in air. One measurement was done for all specimens before moving 
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to the next measurement. GTK on the other hand measured one specimen at a time 
both in air and in water, and then moved on to the next specimen. 
 
The water in which the measurement was done was tap water, the water used in 
saturation was in situ water. GTK saturated the specimens submerged in water for 14-
17 days, SP for 35-42 days. Drying of the specimens was done in an oven, GTK used a 
drying time of 5 days at 90 °C, whereas SP dried the specimens for 4 days at 105 °C. 
 
In both cases the measurement was based on Archimedes principle, and involved 
weighting of the specimens dry in air, water saturated in air, and water saturated in 
water. From these values and water density calculated for the measured temperature, 
density and porosity of the specimens is determined as described in Appendix D. 
 
Reported error levels for the measurement of masses were 0.01 g for GTK and 0.02 g for 
SP. Density and porosity error levels vary with specimen mass, and were generally not 
reported. GTK reported an error level of < 1 % for density of a specimen with 0.6 % 
porosity. 
 
 
4.3. Electrical resistivity 
 
Electrical resistivity values and IP estimates were measured by GTK. Apparent specific 
resistivity was measured using a proprietary galvanic 2-point measurement system with 
wet electrodes and saturated specimens. The specimens were placed between the 
electrodes in a serial circuit with a known resistor. Current was measured over the 
resistor, and resistance from the surfaces of the specimen. Measurements were carried 
out in tree frequencies: 0.1 Hz, 10 Hz and 500 Hz. Reported error for resistance range 10 
– 106 Ωm was < 10 %. 
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4.4. Relative permittivity 
 
Relative permittivity was measured at GTK premises by Geofcon, and at SP premises by 
the author. In both cases, the system used was an Adek Percometer v.7 with a surface 
probe. Both the top and the bottom of the specimen were measured three times, and 
these were averaged out in the calculation, and corrected with a standard specimen 
measured before and after each specimen, to yield the permittivity estimate. Reported 
error for the measurement system was 0.1 SI. 
 
 
4.5. Magnetic susceptibility 
 
Magnetic susceptibility and remanent magnetisation were determined by GTK. 
Susceptibility measurements were carried out using a proprietary low frequency AC-
susceptibility bridge K-7A. The average error of the measurement for weakly magnetic 
specimens was reported to be < 20·10-6 SI. In this case average susceptibility was 
approximately 200·10-6 SI, which means an error of approximately < 10 %.  
 
 
4.6. Remanent magnetisation 
 
Remanent magnetisation was measured using fluxgate magnetometers inside a nickel-
iron alloy (μ-metal) shielding. Reported repeatability was approximately 10 mA/m, 
which in our case with average measured remanent magnetisation of approximately 20 
mA/m means an average error of 50 %. 
 
 
4.7. P- and S-wave velocities 
 
Unloaded P-wave velocity was measured by both GTK and SP, unloaded S-wave velocity 
and loaded P- and S-wave velocities by SP. The unloaded P-wave velocity measurement 
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at GTK was done using sonar elements with a pulse frequency of approximately 1 MHz. 
The saturated specimens were measured submerged at normal temperature and 
pressure. Length of the specimens was measured using a digital calliper. Reported error 
in the measurements is 10 m/s. 
 
The SP measurements of P- and S-wave velocities were conducted according to ASTM 
International standard D 2845-00 (ASTM International, 2004). Measurements were 
carried out in three directions: axial and two perpendicular lateral dimensions near the 
centre of the specimen. Measurement directions in respect to foliation are shown in 
Figure 4.1. 
 
 
Figure 4.1: Measurement directions in respect to foliation and specimen shape. AX is axial, BD and 
AX are lateral directions. When no foliation was present, directions AC and BD were selected 
arbitrarily. Propagation direction of the signal was selected to be in the downhole direction. 
 
For set 1 specimens, only unloaded velocities in the axial direction were measured, for 
set 2 specimens unloaded measurements were complemented by five levels of loaded 
measurements. For the loaded velocities, the axial direction was subjected to loads of 
2.5 MPa, 5 MPa, 10 MPa, 15 MPa and 20 MPa using a GCTS hydraulic testing rig. First all 
load levels were measured for the AX and AC directions, then the specimen was 
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unloaded, and the lateral sensors were rotated 90 degrees, after which the 
measurement was repeated for all load levels in the BD direction. After the velocity 
measurements, the specimens were subjected to uniaxial compressive strength test and 
loaded to failure. 
 
The system used for velocity measurements was GCTS ULT-100 ultrasonic pulse 
generator and sampling device. The axial measurements were carried out using heavy-
duty 76 mm diameter transducers from GCTS, while the lateral directions were 
measured with smaller CVA type transducers. All transducers had resonant frequencies 
of 200 kHz, the 76 mm sensors included both P- and S-crystals, while the CVA sensors 
were only type P or S. The pulse used was a 130 V / 5 µs square wave generated with 
the ULT-100. 
 
Velocities were determined based on the travel time through the specimen. Waveforms 
were recorded with two levels of gain, and four measurements were stacked in each 
case. Picks were done based on an automated algorithm described in more detail in 
Posiva Working Report 2016-XX (Jacobsson et al., 2016), checked visually, and adjusted 
manually if necessary. The accuracy of the picking process varies greatly based on the 
specimen and the received signal, making giving generalised error estimates impossible. 
Typically, the P-wave signals suffer no interfering signals, making the picks more reliable, 
whereas the S-wave signals can be highly distorted. This makes the P-wave velocities 
more reliable than the S-wave velocities. Based on the picks shown in Jacobsson et al. 
(2016), it would appear that the worst case upper limit for the error in travel times is 
approximately 0.25 µs for P-wave and approximately 1 µs for S-wave, corresponding to 
maximum relative errors of approximately 5 % for P-wave, and approximately 7 % for S-
wave. 
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4.8. Uniaxial compressive strength test 
 
The uniaxial compressive strength (UCS) testing was carried out by SP according to ISRM 
suggested method (ISRM, 1979). Tests were carried out using the GCTS hydraulic testing 
rig that loads the cylindrical specimen in the axial direction up to failure. Loading rate 
was 0.5 MPa/s for all specimens except KM1 UCS and KM2 UCS, which were loaded at 
0.8 MPa/s. Monitoring was done using four Kyowa strain gauges installed at the middle 
of the specimen in vertical direction, at 90 degree intervals. 
 
Uniaxial compressive strength was determined from the point of failure, and Young’s 
modulus and Poisson’s ratio according to the ISRM suggested method (ISRM, 1979). 
Young’s modulus was determined from a secant of the axial stress-strain curve between 
0 and 50 % of ultimate strength. Poisson’s ratio was determined as the negative of the 
ratio of the slopes of the axial and diametric stress-strain curves. 
 
In addition, acoustic emission measurements were carried out using a Micro-II Digital SE 
system by Physical Acoustic Corporation. From the acoustic emission measurements, 
the crack initiation (CI) and crack damage (CD) stresses were determined as described 
in Jacobsson et al. (2016). 
 
Reported accuracy of the load cells was < 1 %. The strain gauge accuracy was reported 
as compliant with the ISRM suggested method (ISRM, 1979), suggesting < 2 %. The 
acoustic emission detection threshold was reported as 60 dB (0.1 V). 
 
 
4.9. Indirect tensile strength test 
 
Tensile strength testing was carried out by SP according to ISRM suggested method 
(ISRM, 1978). The Brazilian test was carried out using a Sintech 20/D electro-mechanical 
test machine that loads the cylindrical specimen in the lateral direction. The loading rate 
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was 200 N/s. For the gneissic specimens, the loading direction was selected as along 
foliation when possible, this is illustrated in Figure 4.2. Monitoring was done using a 
Kyowa strain gauge rosettes glued on the end of the specimen, with measurement 
directions being 0, 45 and 90 degrees in respect to the loading direction. Tensile strength 
was determined from the point of failure as 0.636 
𝑃
𝐷𝑡
, where P is the load at failure, D is 
the diameter of the specimen and t is the thickness of the specimen. 
 
Reported accuracy of the load cells was < 1 %. The strain gauge accuracy was reported 
as compliant with the ISRM suggested method (ISRM, 1979), suggesting < 2 %. 
 
 
Figure 4.2: Loading directions in respect to foliation in the Brazilian specimens. 
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5. STATISTICAL ANALYSIS 
 
This section contains a description of the statistical analysis done and the necessary 
statistical theory. First the assumptions concerning the data are covered. This is followed 
by the selected descriptive statistics and methods of illustration. Finally, the chosen 
association analysis types and methods of illustration are described. 
 
 
5.1. Assumptions concerning the data 
 
It must be noted that in this section of words such as ‘sample’ will be used in their 
statistical sense. We use the word ‘set’ to describe our set of n of our individual 
petrophysical/rock mechanical specimens and the word ‘sample’ to describe our 
statistical sample of N observations. Typically, our sample is equivalent to one of the 
specimen sets 1a, 1b, 2a or 2b, but in some cases, it is the subset of one of the specimen 
sets or a combination of several of them. 
 
As the result of the Central limit theorem, it can be argued that for any rock type, given 
large enough sample size, the measured values for any property are going to be more 
or less normally distributed. Due to our mixed samples (more than one rock type), and 
the small sample sizes, we cannot assume normality or our test data. Methods used are 
mainly non-parametric. 
 
It must also be noted that there is likely some bias in the specimens, since highly 
fractured rocks cannot be sampled for rock mechanical or even petrophysical testing. 
Finding long specimens, that do not break during preparation, means that they are likely 
not from the damaged section, and thus it may be impossible to get specimens for 
testing the properties of highly fractured rock. 
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5.2. Descriptive statistics 
 
For the descriptive statistics the minimum, maximum, first and third quartile and median 
values were calculated and plotted as boxplots. Standard deviation, interquartile 
distance (IQR) and sample size are given with the boxplot. Calculations were carried out 
in R using the algorithms min, max, quantile, median and sd.  
 
Along the boxplots, kernel density estimates were plotted to illustrate the distribution 
shape and to help compare between samples. The kernel density estimate is similar to 
a histogram, but provides a smoothed curve that converges faster to the actual shape 
of the distribution than a histogram. Instead of stacking observations in bins, kernels are 
assigned to each observation, and then added up to form the density estimate curve. 
The probability densities are normalised so that the peak value is 1. In this case the 
kernel used was the Epanechnikovian kernel, with the kernel bandwidth chosen to 
match the standard deviation of the kernel. The calculations were carried out using the 
R algorithm density.default. 
 
The data was not divided by set, as no difference based on the specimen group is 
expected. The data was divided by rock types PGR, VGN and DGN. For VGN (N=105) and 
PGR (N=49) the values were separated into depth groups. To be able to estimate the 
parameters to any reasonable degree, the groups were restricted to sample size of at 
least N = 4. It must be noted that some of the sample sizes are very small, and have the 
possibility to contain high relative errors. Selected depth groups were 0.0—0.2 m, 0.2—
0.4 m, 0.4—0.6 m, 0.6—0.8 m, 0.8—1.0 m, 1.0—1.2 m and 1.2+ m from the study area 
surface. If a group had less than four observations, it was combined with the next group. 
Separation by depth was not done for DGN (N=13) due to the small sample size. No plots 
were produced for all data combined, as the rock types would mask any other effect. In 
case of the loaded properties, division was also made based on the applied load. When 
available, corresponding values for each rock type were calculated based on previous 
ONKALO data, and plotted similarly for comparison. 
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5.3. Association analysis 
 
To test for associations, Spearman rank correlation coefficients were calculated for all 
pairs of variables. The Spearman method is a non-parametric test of association that 
does not require a linear dependency, but considers monotonic trend. It is less sensitive 
to outliers than the typically used Pearson method, and better suited to test for 
associations that may be complex or non-linear. The non-parametric nature of the test 
means that it does not assume normality of the population. 
 
The Spearman rank correlation coefficient ρ is defined as: 
 
𝜌 = 1 −
6 ∑ 𝑑𝑖
2
(𝑛2−1)𝑛
        (5.1) 
 
Where di is the difference between the two ranks of each observation, and n is the 
number of observations. 
 
The testing was done for all data combined, separately for each rock type, level of 
loading, direction of measurement, and specimen set. For each test, correlation 
matrices were formed, and the Spearman rho values were rounded up to two decimals. 
From the matrices the values corresponding to trivial and known dependencies were 
removed. 
 
To determine the significance of the associations, critical values for Spearman rho were 
calculated. These depend on the number of paired observations for any two variables, 
and thus vary not only between sets, but also within them. Even though we cannot 
assume normality of our data, we can use the t-test, as the distribution of the Spearman 
rank correlation coefficients does not depend on the distribution of the original 
variables. The t-test is well suited for our purposes, as the samples were small and the 
population standard deviations are unknown. 
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The t-score is as follows: 
 
𝑡 = 𝜌√
𝑛−2
1−𝜌2
         (5.2)  
 
Where the degrees of freedom n-2 were determined as the number of paired non-null 
observations for variables x and y. From this we get the critical ρ values as: 
 
𝜌𝑐𝑟𝑖𝑡 = √
𝑡.95(𝑛−2)
2
𝑛−2+𝑡.95(𝑛−2)
2       (5.3) 
 
From this the critical ρ values for each variable in each subset were calculated based on 
the critical t-values at 95 % confidence level and n-2 degrees of freedom. The critical 
values were then formed into a separate matrix, similar to the correlation matrices. The 
remainder of each correlation matrix was then compared against the critical values, and 
associations that did not exceed the critical value were removed. This left us with 
correlation matrices that only had unique, non-trivial associations that exceed the 
corresponding critical value. 
 
Based on the above, the corresponding pairs of variables were then plotted against each 
other in scatter plots. Due to the volume of data and interest of the study, plotting was 
further limited to depth from surface and porosity as explanatory variables, and to 
mechanical properties derived from the UCS and Brazilian tests as explained variables. 
The associations between purely petrophysical variables are mostly known (Aaltonen et 
al., 2009), and beyond the scope of this work. Dynamic and static variants of a parameter 
were plotted against each other when applicable, regardless of the level of associations. 
The resulting scatter plots were visually inspected and selected for interpretation if one 
of the following criteria was met: the data showed a clear trend for the entire dataset 
or one of the rock types; or the data showed shallow specimens as clearly anomalous. 
In addition, it was demanded that the data did not only separate rock types. 
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6. RESULTS 
 
This section first introduces the theory behind the calculated properties that were not 
directly measured. These include the IP estimates, theoretical radar velocity, Q-value 
and elastic parameters. Both static and dynamic elastic parameters were determined, 
and the theory behind both is presented. 
 
The results of the measurement campaign are presented next, divided by property. A 
summary of the observed values is presented first, followed by the relevant figures. All 
observed values divided into subsets can be found in Appendix E. 
 
Descriptive statistics are illustrated in Figures 6.1 to 6.30, for more details see Table 6.1. 
These include minimum, maximum and median values, first and third quartiles and 
standard deviations for all properties. The shape of the distribution is illustrated using a 
kernel density estimate with Epanechnikovian kernel as described in Section 5. List of 
statistics for the entire dataset can be found in Table 6.2, statistics from UCS specimens 
in Table 6.3. Descriptive statistics for subsets of the data can be found in Appendix F. 
 
Selected associations are illustrated in Figures 6.32 to 6.41. These are in the form of 
cross-plots of two variables. All Spearman rho values exceeding the critical value for the 
corresponding sample size for each subset of the specimens can be found in Appendix 
G. 
 
Comparison of static and dynamic variants of elastic properties for Set 2b can be found 
in Figures 6.42 to 6.44. Descriptive statistics for the entire dataset can be found in Tables 
6.2 and 6.3, and for subsets in Appendix F. 
 
 
 
 
34 
 
6.1. Calculated properties 
 
From the measured resistivity values, induced polarisation estimates PL and PT were 
calculated using equations: 
 
𝑃𝐿 = 100 ∙
𝑅0.1−𝑅10
𝑅0.1
%       (6.1) 
 
𝑃𝑇 = 100 ∙
𝑅0.1−𝑅500
𝑅0.1
%       (6.2) 
Where R0.1, R10 and R500 are the measured apparent resistivity values for frequencies 0.1 
Hz, 10 Hz and 500 Hz, respectively.  
 
From the measured permittivity values, radar velocities were calculated using equation: 
 
𝑉 =  
𝑐
√𝜀𝑟
         (6.3) 
 
Where c is the speed of light in vacuum. 
 
From the measured magnetic susceptibility and remanent magnetisation values, the 
Königsberger ratios were calculated as: 
 
𝑄 =
𝐽𝑟
𝐽𝑖
         (6.4) 
 
Where Jr is the remanent magnetisation and Ji is the induced magnetisation calculated 
as: 
 
𝐽𝑖 = 𝜅 ∙ 𝐻 = 𝜅 ∙
𝐵
𝜇
        (6.5) 
 
Where κ is susceptibility and it is assumed that in Olkiluoto B = 51900 nT (Maus et al., 
2009), and that the relative permeability is 1, leading to μ = μ0. 
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From the measured P- and S-wave velocities and densities, elastic parameters were 
calculated using equations: 
 
𝑃𝑆 =
𝑃
𝑆
         (6.6) 
 
𝐴𝐼 = 𝜌 ∙ 𝑃         (6.7) 
 
𝑆𝐼 = 𝜌 ∙ 𝑆         (6.8) 
 
𝑃𝐼 = 𝐴𝐼 − 𝐶 ∙ 𝑆𝐼         (6.9) 
 
𝜈 =
𝑃2−2𝑆2
2(𝑃2−𝑆2)
         (6.10) 
 
𝜆 = 𝜌 ∙ (𝑃2 − 2𝑆2)       (6.11) 
 
𝐺 = 𝜌 ∙ 𝑆2         (6.12) 
 
𝑀 =  𝜌 ∙ 𝑃2         (6.13) 
 
𝐾 = 𝜌 ∙ (𝑃2 −
4
3
𝑆2)       (6.14) 
 
𝐸 = 𝜌 ∙
𝑆2(3𝑃2−4𝑆2)
𝑃2−𝑆2
        (6.15) 
 
Where ρ is density, P is P-wave velocity, S is S-wave velocity, ν is Poisson’s ratio, λ is 
Lame’s first parameter, G is the shear modulus, M is the P-wave modulus, K is the bulk 
modulus, E is Young’s modulus, AI is acoustic impedance, SI is shear impedance, PI is 
Poisson impedance and PS is the P-wave velocity to S-wave velocity ratio. For the 
Poisson impedance, C is the inverse of the litho-fluid trend (Quakenbush et al., 2006). 
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For this study, full waveform sonic borehole logging data was available from drill holes 
ONK-PP199 and ONK-PP200, which were drilled along the volume of ONK-TKU-3620 
prior to excavation. From these data, c was estimated and found to be 1.41. 
 
From the measured UCS, CI and CD values the ratios CI/UCS and CD/UCS ratios were 
calculated. From the measured values of density, Poisson’s ratio ν and Young’s modulus 
E (from UCS testing), P- and S-wave velocities were calculated using equations: 
 
𝑃 = √
𝑀
𝜌
= √
𝐸(1−𝜈)
𝜌(1+𝜈)(1−2𝜈)
       (6.16) 
 
𝑆 = √
𝐺
𝜌
= √
𝐸
2𝜌(1+𝜈)
       (6.17) 
 
Where P is P-wave velocity and S is S-wave velocity. Furthermore, the elastic parameters 
were calculated using equations: 
 
𝐴𝐼 = √
𝜌𝐸(1−𝜈)
(1+𝜈)(1−2𝜈)
        (6.18) 
 
𝑆𝐼 = √
𝜌𝐸
2(1+𝜈)
        (6.19) 
 
𝜆 = 𝜌 ∙ (
𝐸(1−𝜈)
𝜌(1+𝜈)(1−2𝜈)
− 2
𝐸
2𝜌(1+𝜈)
)     (6.20) 
 
𝐺 =
𝐸
2(1+𝜈)
         (6.21) 
 
𝑀 =
𝐸(1−𝜈)
(1+𝜈)(1−2𝜈)
        (6.22) 
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𝐾 =
𝐸
3(1−2𝜈)
         (6.23) 
 
Where ρ is density, λ is Lame’s first parameter, G is the shear modulus, M is the P-wave 
modulus, K is the bulk modulus, AI is acoustic impedance and SI is shear impedance. In 
addition, the Poisson impedance PI was calculated using Equation 6.9 with the acoustic 
and shear impedances calculated from Equations 6.18 and 6.19. The P-wave velocity to 
S-wave velocity ratio was calculated using Equation 6.6 with velocities calculated from 
Equations 6.16 and 6.17. 
 
 
6.2. Descriptive statistics 
 
For all parameters and different subsets, descriptive statistics were determined as 
described in Section 5.2. These are illustrated in Figures 6.1 to 6.30, as detailed in Table 
6.1. Descriptive statistics of the tested and calculated properties for the entire dataset 
excluding values calculated based on UCS testing can be found in Table 6.2. Descriptive 
statistics of the tested and calculated properties for the entire UCS dataset can be found 
in Table 6.3. Values for subsets can be found in Appendix F. 
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Table 6.1: Tested and calculated properties, load levels, possibility to compare dynamic to static 
values, and reference to relevant figure. 
 Loading levels (MPa) Dynamic & static Illustrated in 
Density 0 No Figure 6.1 
Porosity 0 No Figure 6.2 
Resistivity R0.1 0 No Figure 6.3 
Resistivity R10 0 No Figure 6.4 
Resistivity R500 0 No Figure 6.5 
IP-estimate PL 0 No Figure 6.6 
IP-estimate PT 0 No Figure 6.7 
Relative permittivity 0 No Figure 6.8 
Radar velocity 0 No Figure 6.9 
Magnetic susceptibility 0 No Figure 6.10 
Remanent magnetisation 0 No Figure 6.11 
Q-ratio 0 No Figure 6.12 
P-velocity 0, 2.5, 5, 10, 15, 20 Yes Figures 6.13a and 6.13b 
S-velocity 0, 2.5, 5, 10, 15, 20 Yes Figures 6.14a and 6.14b 
PS-ratio 0, 2.5, 5, 10, 15, 20 Yes Figures 6.15a and 6.15b 
Acoustic impedance 0, 2.5, 5, 10, 15, 20 Yes Figures 6.16a and 6.16b 
Shear impedance 0, 2.5, 5, 10, 15, 20 Yes Figures 6.17a and 6.17b 
Poisson impedance 0, 2.5, 5, 10, 15, 20 Yes Figures 6.18a and 6.18b 
Poisson’s ratio 0, 2.5, 5, 10, 15, 20 Yes Figures 6.19a and 6.19b 
Lame’s λ 0, 2.5, 5, 10, 15, 20 Yes Figures 6.20a and 6.20b 
Shear modulus 0, 2.5, 5, 10, 15, 20 Yes Figures 6.21a and 6.21b 
P-wave modulus 0, 2.5, 5, 10, 15, 20 Yes Figures 6.22a and 6.22b 
Bulk modulus 0, 2.5, 5, 10, 15, 20 Yes Figures 6.23a and 6.23b 
Young’s modulus 0, 2.5, 5, 10, 15, 20 Yes Figures 6.24a and 6.24b 
Crack initiation stress - - Figure 6.25 
Crack damage stress - - Figure 6.26 
Uniaxial compressive strength - - Figure 6.27 
CI/UCS-ratio - - Figure 6.28 
CD/UCS-ratio - - Figure 6.29 
Tensile strength - - Figure 6.30 
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Table 6.2: Descriptive statistics of the tested and calculated properties for the entire dataset 
excluding elastic parameters calculated based on UCS testing. Values for the subsets can be found in 
Appendix F. Min is the minimum value, Q1 is the first quartile value, Med is the median value, Q3 is 
the third quartile value, Max is the maximum value, IQR is the interquartile range, SD is the standard 
deviation and N is the sample size. 
 Min Q1 Med Mean Q3 Max IQR SD N 
Density (kg/m3) 2595 2637 2714 2699 2738 2784 101 52 132 
Porosity (%) 0.18 0.26 0.34 0.36 0.42 0.81 0.16 0.13 132 
Resistivity R0.1 (Ωm) 1810 7303 11900 17763 21475 101000 14172 16947 106 
Resistivity R10 (Ωm) 1850 7075 11300 16158 20025 87600 12950 14246 106 
Resistivity R500 (Ωm) 1800 6770 10400 13924 18075 63000 11305 10512 106 
IP-estimate PL (%) 0.0 2.8 6.1 6.3 9.2 22.3 6.4 4.5 106 
IP-estimate PT (%) 0.0 7.3 14.0 14.8 21.0 45.4 13.7 9.4 106 
Relative permittivity (-) 5.0 5.5 5.8 6.0 6.3 7.7 0.8 0.6 124 
Radar velocity (m/µs) 108 119 124 123 128 134 9.0 5.60 124 
Magnetic susceptibility (µSI) 7 54 249 217 321 432 267 130 106 
Remanent magnetisation (mA/m) 4 15 20 20 24 62 9 9 106 
Q-ratio (-) 0.3 1.4 2.4 5.8 5.9 75.7 4.5 9.7 106 
P-velocity (m/s) 4986 5511 5705 5701 5863 6613 352 276 594 
S-velocity (m/s) 2646 3051 3149 3166 3272 3687 221 165 488 
PS-ratio (-) 1.55 1.75 1.78 1.80 1.83 2.09 0.08 0.08 488 
Acoustic impedance (MPa·s/m) 13.7 14.9 15.4 15.5 16.0 18.2 1.1 0.8 594 
Shear impedance (MPa·s/m) 7.2 8.3 8.5 8.6 8.9 10.1 0.6 0.5 488 
Poisson impedance (MPa·s/m) 1.2 2.9 3.2 3.3 3.5 5.9 0.6 0.7 488 
Poisson’s ratio (-) 0.14 0.26 0.27 0.27 0.29 0.35 0.03 0.03 488 
Lame’s λ (GPa) 11.8 28.9 31.9 33.4 35.9 64.1 7.0 7.3 488 
Shear modulus (GPa) 19.1 25.2 26.9 27.3 29.1 37.2 3.9 3.0 488 
P-wave modulus (GPa) 68.3 81.9 88.0 88.4 93.6 120.5 11.7 8.9 594 
Bulk modulus (GPa) 31.8 47.0 50.6 51.6 54.7 82.8 7.7 7.6 488 
Young’s modulus (GPa) 51.4 64.2 68.8 69.4 74.0 90.1 9.8 6.9 488 
Crack initiation stress (MPa) 24 40 50 49 56 90 16 15 25 
Crack damage stress (MPa) 66 78 90 96 107 152 29 24 23 
Uniax. compressive strength (MPa) 74.6 92.4 107.7 112.5 124.5 181.8 32.1 28.6 26 
CI/UCS-ratio (-) 0.20 0.33 0.46 0.45 0.53 0.67 0.20 0.13 25 
CD/UCS-ratio (-) 0.67 0.87 0.89 0.87 0.92 0.94 0.05 0.07 23 
Tensile strength (MPa) 6.6 8.6 10.2 10.0 11.1 15.3 2.5 2.2 25 
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Table 6.3: Descriptive statistics of the tested and calculated properties for the entire UCS dataset. 
Values for the subsets can be found in Appendix F. Min is the minimum value, Q1 is the first quartile 
value, Med is the median value, Q3 is the third quartile value, Max is the maximum value, IQR is the 
interquartile range, SD is the standard deviation and N is the sample size. 
 Min Q1 Med Mean Q3 Max IQR SD N 
Density (kg/m3) 2622 2723 2737 2718 2753 2784 30 52 26 
Porosity (%) 0.22 0.26 0.30 0.33 0.36 0.77 0.10 0.13 26 
Relative permittivity (-) 5.0 5.5 6.1 6.1 6.4 7.7 0.9 0.8 26 
Radar velocity (m/µs) 108 118 121 122 128 134 10 8 26 
P-velocity (m/s) 4654 5454 5583 5662 5886 6779 432 418 26 
S-velocity (m/s) 2514 2744 2803 2868 3043 3172 299 187 26 
PS-ratio (-) 1.65 1.84 1.95 1.98 2.12 2.35 0.28 0.20 26 
Acoustic impedance (MPa·s/m) 12.7 14.7 15.2 15.4 16.0 18.7 1.3 1.2 26 
Shear impedance (MPa·s/m) 6.9 7.5 7.7 7.8 8.2 8.4 0.7 0.4 26 
Poisson impedance (MPa·s/m) 2.0 3.5 4.1 4.4 5.3 7.3 1.8 1.4 26 
Poisson’s ratio (-) 0.2 0.3 0.3 0.3 0.4 0.4 0.1 0.1 26 
Lame’s λ (GPa) 18.1 33.8 37.9 42.8 51.8 79.5 18.0 15.0 26 
Shear modulus (GPa) 17.2 20.7 21.6 22.4 25.2 26.5 4.5 2.6 26 
P-wave modulus (GPa) 59.1 79.4 84.6 87.6 93.7 126.5 14.3 13.5 26 
Bulk modulus (GPa) 34.9 50.1 53.5 57.8 65.6 95.2 15.5 14.3 26 
Young’s modulus (GPa) 44.6 55.4 57.9 59.0 64.9 66.5 9.5 5.6 26 
Crack initiation stress (MPa) 24 40 50 49 56 90 16 15 25 
Crack damage stress (MPa) 66 78 90 96 107 152 29 24 23 
Uniax. compressive strength (MPa) 74.6 92.4 107.7 112.5 124.5 181.8 32.1 28.6 26 
CI/UCS-ratio (-) 0.20 0.33 0.46 0.45 0.53 0.67 0.20 0.13 25 
CD/UCS-ratio (-) 0.67 0.87 0.89 0.87 0.92 0.94 0.02 0.07 23 
 
Figures 6.1 to 6.30 are made up of multiple panels, representing descriptive statistics for 
subsets of the data. The panels are positioned pairwise: boxplots on the left, kernel 
density estimates on the right. When practical, the scales of the vertically stacked panels 
are the same. Figures marked a and b are meant to be viewed on a double page. In the 
boxplots, box represents first quartile, median and third quartile, line ends represent 
minimum and maximum values, and diamonds represent a distance of two standard 
deviations from nearest quartile. Sample size N is given. Colour coding on the density 
plot matches that described on the corresponding boxplots. On the density plots, 
individual observations are marked with vertical lines (rug plots). Note that it is not 
possible to distinguish multiple observations of identical value from the rug plot. Due to 
measurement accuracy, some of the rug plots get saturated. 
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Figure 6.1: Density statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows min 
and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled kernel density 
estimates, rug plot shows individual observations. Current data appear consistent with previous data. 
No depth dependency can be seen. Note the different scale on “Previous ONKALO data” boxplot.  
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Figure 6.2: Porosity statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows min 
and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled kernel density 
estimates, rug plot shows individual observations. Current data appear consistent with previous data. 
No clear depth dependency can be seen. Note the different scale on “Previous ONKALO data” boxplot. 
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Figure 6.3: Resistivity (R0.1) statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Gneissic specimens appear 
consistent with previous data, and show no depth dependency. Granitic specimens appear to have 
significantly lower values than previously, and show clear depth dependency. Specimens show 
abnormally low resistivity values in the first 0.2 m from the study area surface. Note the different 
scale on “Previous ONKALO data” boxplot. 
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Figure 6.4: Resistivity (R10) statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Gneissic specimens appear 
consistent with previous data, and show no depth dependency. Granitic specimens appear to have 
significantly lower values than previously, and show clear depth dependency. Specimens show 
abnormally low resistivity values in the first 0.2 m from the study area surface. Note the different 
scale on “Previous ONKALO data” boxplot. 
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Figure 6.5: Resistivity (R500) statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Gneissic specimens appear 
consistent with previous data, and show no depth dependency. Granitic specimens appear to have 
significantly lower values than previously, and show clear depth dependency. Specimens show 
abnormally low resistivity values in the first 0.2 m from the study area surface. Note the different 
scale on “Previous ONKALO data” boxplot. 
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Figure 6.6: IP estimate (PL) statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Specimens appear consistent with 
previous data. Gneissic specimens show no depth dependency. Granitic specimens show slightly 
decreasing values with decreasing depth. Note the different scale on “Previous ONKALO data” 
boxplot. 
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Figure 6.7: IP estimate (PT) statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Specimens appear consistent with 
previous data. Gneissic specimens show no depth dependency. Granitic specimens show decreasing 
values with decreasing depth. Note the different scale on “Previous ONKALO data” boxplot. 
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Figure 6.8: Permittivity statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows 
min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled kernel 
density estimates, rug plot shows individual observations. No previous permittivity data exists. No 
clear depth dependency can be seen. 
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Figure 6.9: Theoretical radar velocity statistics separated by group. LEFT: Boxplots, box shows 
quartiles, line shows min and max values, diamond shows a distance of 2σ from nearest quartile. 
RIGHT: Scaled kernel density estimates, rug plot shows individual observations. No previous data 
exists. No clear depth dependency can be seen. 
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Figure 6.10: Susceptibility statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Specimens appear consistent with 
previous data. Specimens show no depth dependency. Note the different scale on “Previous ONKALO 
data” boxplot. 
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Figure 6.11: Remanence statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows 
min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled kernel 
density estimates, rug plot shows individual observations. Specimens appear consistent with previous 
data. Specimens show no depth dependency. Note the different scale on “Previous ONKALO data” 
boxplot. 
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Figure 6.12: Q-ratio statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows 
min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled kernel 
density estimates, rug plot shows individual observations. Specimens appear consistent with previous 
data. Specimens show no depth dependency. Note the different scale on “Previous ONKALO data” 
and “Current data VGN” boxplots, and “Current data VGN” density plot. 
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Figure 6.13a: P-velocity statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows 
min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled kernel 
density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. When applicable, AC is with 
foliation and BD across foliation. Specimens appear consistent with previous data, but previously 
determined UCS based values appear low. Current UCS based values are in agreement with previous 
and current petrophysical data. No clear depth dependency can be seen. 
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Figure 6.13b: P-velocity statistics separated by group. LEFT: Scaled kernel density estimates for veined 
gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase in velocities with increasing load. 
The increase appears greatest in the axial direction, lateral directions show only slight increase. Note 
the change in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.14a: S-velocity statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows 
min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled kernel 
density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Petrophysical data appear 
consistent with previous UCS based values. Current UCS based values from granitic specimens appear 
consistent with previous data, gneissic specimens appear to give lower values. No previous 
petrophysical data are available. Gneissic specimens show no depth dependency. Granitic specimens 
show lower velocities in the first 0.2 m from the study area surface. Note the different scale on 
“Previous ONKALO data” boxplot. 
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Figure 6.14b: S-velocity statistics separated by group. LEFT: Scaled kernel density estimates for veined 
gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase in velocities with increasing load. 
The increase appears greatest in the axial direction, lateral directions show only slight increase. Note 
the change in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.15a: P/S -ratio statistics separated by group. LEFT: Boxplots, box shows quartiles, line shows 
min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled kernel 
density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Petrophysical data appear 
consistent with previous UCS based values. Current UCS based values from granitic specimens appear 
consistent with previous data, gneissic specimens appear to give higher values. No previous 
petrophysical data are available. Specimens show no depth dependency. 
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Figure 6.15b: P/S -ratio statistics separated by group. LEFT: Scaled kernel density estimates for veined 
gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show no clear dependency on load. 
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Figure 6.16a: Acoustic impedance statistics separated by group. LEFT: Boxplots, box shows quartiles, 
line shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: 
Scaled kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined 
gneiss at different levels of load, AX is axial direction, AC and BD are lateral directions and 
perpendicular to each other. When applicable, AC is with foliation and BD across foliation. 
Petrophysical data appear consistent with previous data. Current UCS based values from gneissic 
specimens appear consistent with previous petrophysical data, granitic specimens give lower values. 
Specimens appear to give higher UCS based values than previously. No clear depth dependency can 
be seen. Note the different scale on “Previous ONKALO data” boxplot. 
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Figure 6.16b: Acoustic impedance statistics separated by group. LEFT: Scaled kernel density estimates 
for veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots 
for pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase in impedance with increasing load. 
The increase appears greatest in the axial direction, lateral directions show only slight increase. Note 
the change in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.17a: Shear impedance statistics separated by group. LEFT: Boxplots, box shows quartiles, 
line shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: 
Scaled kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined 
gneiss at different levels of load, AX is axial direction, AC and BD are lateral directions and 
perpendicular to each other. When applicable, AC is with foliation and BD across foliation. 
Petrophysical data appear consistent with previous UCS based values. Current UCS based values from 
granitic specimens appear consistent with previous data, gneissic specimens appear to give lower 
values. No previous petrophysical data are available. Gneissic specimens show no depth dependency. 
Granitic specimens show lower impedances in the first 0.2 m from the study area surface. 
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Figure 6.17b: Shear impedance statistics separated by group. LEFT: Scaled kernel density estimates 
for veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots 
for pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase in impedance with increasing load. 
The increase appears greatest in the axial direction, lateral directions show only slight increase. Note 
the change in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.18a: Poisson impedance statistics separated by group. LEFT: Boxplots, box shows quartiles, 
line shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: 
Scaled kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined 
gneiss at different levels of load, AX is axial direction, AC and BD are lateral directions and 
perpendicular to each other. When applicable, AC is with foliation and BD across foliation. 
Petrophysical data appear consistent with previous UCS based values. Current UCS based values from 
granitic specimens appear consistent with previous data, gneissic specimens appear to give higher 
values. No previous petrophysical data are available. Specimens show no depth dependency. 
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Figure 6.18b: Poisson impedance statistics separated by group. LEFT: Scaled kernel density estimates 
for veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots 
for pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show a minor increase in velocities with increasing 
load. The increase appears greatest in the axial direction, lateral directions show only slight increase. 
Note the change in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.19a: Poisson’s ratio statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled 
kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Petrophysical data appear 
consistent with previous UCS based values. Current UCS based values from granitic specimens appear 
consistent with previous data, gneissic specimens appear to give higher values. No previous 
petrophysical data are available. Specimens show no depth dependency. 
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Figure 6.19b: Poisson’s ratio statistics separated by group. LEFT: Scaled kernel density estimates for 
veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show no clear dependency on load. Note the change 
in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.20a: Lame’s lambda statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled 
kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Petrophysical data appear 
consistent with previous UCS based values. Current UCS based values from granitic specimens appear 
consistent with previous data, gneissic specimens appear to give higher values. No previous 
petrophysical data are available. Specimens show no depth dependency. 
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Figure 6.20b: Lame’s lambda statistics separated by group. LEFT: Scaled kernel density estimates for 
veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase with increasing load. The increase 
appears greatest in the axial direction, lateral directions show only slight increase. Note the change 
in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.21a: Shear modulus statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled 
kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Petrophysical data appear 
consistent with previous UCS based values. Current UCS based values from granitic specimens appear 
consistent with previous data, gneissic specimens appear to give lower values. No previous 
petrophysical data are available. Gneissic specimens show no depth dependency. Granitic specimens 
show lower shear modulus in the first 0.2 m from the study area surface. 
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Figure 6.21b: Shear modulus statistics separated by group. LEFT: Scaled kernel density estimates for 
veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase with increasing load. The increase 
appears greatest in the axial direction, lateral directions show only slight increase. Note the change 
in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.22a: P-wave modulus statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled 
kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Specimens appear 
consistent with previous data, but previously determined UCS based values appear low. Current UCS 
based values are in agreement with previous and current petrophysical data. No clear depth 
dependency can be seen. Note the different scale on “Previous ONKALO data” boxplot. 
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Figure 6.22b: P-wave modulus statistics separated by group. LEFT: Scaled kernel density estimates 
for veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots 
for pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase with increasing load. The increase 
appears greatest in the axial direction, lateral directions show only slight increase. Note the change 
in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.23a: Bulk modulus statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: Scaled 
kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined gneiss at 
different levels of load, AX is axial direction, AC and BD are lateral directions and perpendicular to 
each other. When applicable, AC is with foliation and BD across foliation. Petrophysical data appear 
consistent with previous UCS based values. Current UCS based values from granitic specimens appear 
consistent with previous data, gneissic specimens appear to give higher values. No previous 
petrophysical data are available. Specimens show no depth dependency. 
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Figure 6.23b: Bulk modulus statistics separated by group. LEFT: Scaled kernel density estimates for 
veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots for 
pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase with increasing load. The increase 
appears greatest in the axial direction, lateral directions show only slight increase. Note the change 
in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.24a: Young’s modulus statistics separated by group. LEFT: Boxplots, box shows quartiles, 
line shows min and max values, diamond shows a distance of 2σ from nearest quartile. MIDDLE: 
Scaled kernel density estimates, rug plot shows individual observations. RIGHT: Boxplots for veined 
gneiss at different levels of load, AX is axial direction, AC and BD are lateral directions and 
perpendicular to each other. When applicable, AC is with foliation and BD across foliation. Data 
appear fairly consistent with previous UCS based values. No previous petrophysical data are available. 
Gneissic specimens show no depth dependency. Granitic specimens show lower modulus in the first 
0.2 m from the study area surface. 
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Figure 6.24b: Young’s modulus statistics separated by group. LEFT: Scaled kernel density estimates 
for veined gneiss at different levels of load, rug plot shows individual observations. MIDDLE: Boxplots 
for pegmatitic granite at different levels of load, box shows quartiles, line shows min and max values, 
diamond shows a distance of 2σ from nearest quartile. AX is axial direction, AC and BD are lateral 
directions and perpendicular to each other. When applicable, AC is with foliation and BD across 
foliation. RIGHT: Scaled kernel density estimates for pegmatitic granite at different levels of load, rug 
plot shows individual observations. Specimens show an increase with increasing load. The increase 
appears greatest in the axial direction, lateral directions show only slight increase. Note the change 
in sample size between unloaded and loaded measurements in the axial direction. 
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Figure 6.25a: Crack initiation stress statistics separated by group. LEFT: Boxplots, box shows quartiles, 
line shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Specimens appear consistent with 
previous data. The specimens do not cover a sufficient depth range to assess association. 
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Figure 6.26a: Crack damage stress statistics separated by group. LEFT: Boxplots, box shows quartiles, 
line shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Gneissic specimens appear 
consistent with previous data, granitic specimens appear to give extremely high values. The 
specimens do not cover a sufficient depth range to assess association. 
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Figure 6.27: Uniaxial compressive strength statistics separated by group. LEFT: Boxplots, box shows 
quartiles, line shows min and max values, diamond shows a distance of 2σ from nearest quartile. 
RIGHT: Scaled kernel density estimates, rug plot shows individual observations. Gneissic specimens 
appear consistent with previous data, granitic specimens appear to give extremely high values. The 
specimens do not cover a sufficient depth range to assess association. 
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Figure 6.28: CI/UCS -ratio statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Gneissic specimens appear 
consistent with previous data, granitic specimens appear to give extremely low values. The specimens 
do not cover a sufficient depth range to assess association. 
81 
 
 
Figure 6.29: CD/UCS -ratio statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Gneissic specimens appear 
consistent with previous data, granitic specimens appear to give higher values. The specimens do not 
cover a sufficient depth range to assess association. 
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Figure 6.30: Tensile strength statistics separated by group. LEFT: Boxplots, box shows quartiles, line 
shows min and max values, diamond shows a distance of 2σ from nearest quartile. RIGHT: Scaled 
kernel density estimates, rug plot shows individual observations. Specimens appear consistent with 
previous data. The specimens do not cover a sufficient depth range to assess association. 
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6.3. Associations with depth and porosity 
 
Selected cross plots of variables are shown in Figures 6.32 to 6.35. As described in 5.3, 
associations plotted were unique, non-trivial, and exceeded the corresponding critical 
Spearman rho value. They were limited to depth from the study area surface, and 
porosity as explanatory variables, and to mechanical properties derived from the UCS 
and Brazilian tests as explained variables. The remaining plots were then visually 
inspected. The plots are shown here if the data either showed a clear trend, or showed 
shallow specimens as anomalous. Further focus was paid on useful associations, with 
links to fast, low-effort and low-cost measurements. 
 
The figures are standard scatter plots, with symbol colour representing the rock type, 
and symbol size the depth from the study area surface. Full data set of specimen sets 
1a, 1b, 2a and 2b is included. All of the figures are similar in structure, and only one 
legend has been produced for them, this can be found in Figure 6.31. Note that even 
though in the figures the full dataset is shown, statistical testing was done for each 
subset. This means associations limited to, for example, certain direction and load have 
been accounted for. Groupings of data points with different elastic parameter value, but 
same depth represent different levels of load and measurement directions. For 
clearness, the strengths of the associations are not shown on the figures. All Spearman 
rho values exceeding the critical value for the corresponding sample size, for each subset 
of the specimens can be found in Appendix G. 
 
 
Figure 6.31: Legend for the scatter plots. Rock type is distinguished by colour and depth from the 
study area surface by symbol size. All directions of measurement and levels of load are plotted. 
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Figure 6.32: Porosity in respect to depth from the study area surface. Symbol colour shows rock type, 
symbol size depth (see Figure 6.31). Specimens in the first 0.7 m from the study area surface show 
higher proportion of high (> 0.5 %) porosity values. Two specimens (EDZ155, PGR and EDZ123, VGN) 
stand out in the leftmost corner, showing abnormally high porosity values and very shallow depths. 
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Figure 6.33: LEFT: resistivity in respect to depth from the study area surface. RIGHT: resistivity in 
respect to specimen porosity. Symbol colour shows rock type, symbol size depth (see Figure 6.31). All 
resistivities show similar pattern, regardless of the measurement frequency. Pegmatitic specimens 
show increasing resistivity with increasing depth in the first 0.7 m from the study area surface. Two 
granitic specimens (EDZ155 and EDZ156) stand out with abnormally low resistivity and shallow 
depths. Both gneissic and granitic specimens show decreasing resistivity with increasing porosity. Two 
granitic specimens (EDZ155 and EDZ156) and one gneissic specimen (EDZ123) stand out with 
abnormally high porosity and low resistivity. 
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Figure 6.34: LEFT: IP estimates PL (top) and PT (bottom) in respect to depth from the study area 
surface. RIGHT: IP estimates PL (top) and PT (bottom) in respect to specimen porosity. Symbol colour 
shows rock type, symbol size depth (see Figure 6.31). Both IP estimates show an increase in the 
minimum values with increasing depth from the study area surface. Neither IP estimate shows a clear 
trend with porosity. PL in respect to depth separates six granitic specimens (EDZ143-145, EDZ155-156 
and EDZ161) and one gneissic specimen (EDZ117) with extremely low values and shallow depths. PT 
in respect to depth separates five granitic specimens (EDZ143-145 and EDZ155-156) with extremely 
low values and shallow depths. PL and PT in respect to porosity separate two granitic specimens 
(EDZ155-156) and one gneissic (EDZ123) specimen. 
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Figure 6.35: LEFT TOP: S-velocity in respect to depth from the study area surface. No general trend is 
observed. LEFT MIDDLE: P/S –ratio in respect to depth from study area surface. Specimens show an 
increase in P/S –ratio with increasing depth. LEFT BOTTOM: Poisson’s ratio in respect to depth from 
study area surface. Specimens show an increase in Poisson’s ratio with increasing depth. RIGHT TOP: 
Acoustic impedance in respect to porosity. Specimens show a decrease in acoustic impedance with 
increasing porosity. RIGHT MIDDLE: Shear impedance in respect to depth from study area surface. No 
general trend is observed. RIGHT BOTTOM: Poisson impedance in respect to depth from study area 
surface. Specimens show an increase in Poisson impedance with increasing depth. Symbol colour 
shows rock type, symbol size depth (see Figure 6.31). All elastic properties in respect to depth from 
the study area surface separate two granitic (EDZ155-156) and two gneissic (EDZ109-110) specimens. 
88 
 
6.4. Associations between elastic properties 
 
Selected associations of elastic properties are shown in Figures 6.36 to 6.41. All elastic 
parameters that do not have trivial dependencies were plotted against each other, and 
then visually inspected. The plots are shown here if the data showed a trend. The 
presentation of the data is identical to that in Figures 6.32 to 6.35, and is described in 
more detail in 6.3, and the legend is shown in Figure 6.31. All specimen sets, levels of 
load and directions are included. All Spearman rho values exceeding the critical value 
for the corresponding sample size, for each subset of the specimens can be found in 
Appendix G. 
 
 
Figure 6.36: S-velocity in respect to P-velocity. Symbol colour shows rock type, symbol size depth (see 
Figure 6.31). The specimens show an increase in S-velocity with increasing P-velocity. More than one 
trend per rock type can be found. Two granitic (EDZ155-156) and two gneissic (EDZ109-110) 
specimens stand out with abnormally high S-velocity (or low P-velocity). 
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Figure 6.37: Shear impedance in respect to P-velocity. Symbol colour shows rock type, symbol size 
depth (see Figure 6.31). The specimens show an increase in Shear impedance with increasing P-
velocity. More than one trend per rock type can be found. One granitic specimen (EDZ155) stands out 
with abnormally low P-velocity (or high shear impedance). 
 
Figure 6.38: Shear modulus in respect to P-velocity. Symbol colour shows rock type, symbol size depth 
(see Figure 6.31). The specimens show an increase in Shear modulus with increasing P-velocity. More 
than one trend per rock type can be found. One granitic specimen (EDZ155) stands out with 
abnormally low P-velocity (or high shear modulus). 
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Figure 6.39: Acoustic impedance in respect to S-velocity. Symbol colour shows rock type, symbol size 
depth (see Figure 6.31). The specimens show an increase in Acoustic impedance with increasing S-
velocity. More than one trend per rock type can be found. Two granitic (EDZ155-156) and two gneissic 
(EDZ109-110) specimens stand out with abnormally high S-velocity (or low impedance). 
 
Figure 6.40: Poisson’s ratio in respect to S-velocity. Symbol colour shows rock type, symbol size depth 
(see Figure 6.31). The specimens show a decrease in Poisson’s ratio with increasing S-velocity. More 
than one trend per rock type can be found. Two granitic (EDZ155-156) and two gneissic (EDZ109-110) 
specimens stand out with abnormally high S-velocity (or low Poisson’s ratio). 
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Figure 6.41: P-wave modulus in respect to S-velocity. Symbol colour shows rock type, symbol size 
depth (see Figure 6.31). The specimens show an increase in P-wave modulus with increasing S-
velocity. More than one trend per rock type can be found. Two granitic (EDZ155-156) and two gneissic 
(EDZ109-110) specimens stand out with abnormally high S-velocity (or low P-wave modulus). 
 
 
Dynamic and static variants of a parameter were plotted against each other when 
applicable, regardless of the level of association. Comparison of static and dynamic 
variants of elastic properties for Set 2b can be found in Figures 6.42 to 6.44. All levels of 
load and directions of measurement are included. The legend is shown in Figure 6.31. 
Groupings with same UCS derived values but different dynamic values represent 
different loads and directions. 
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Figure 6.42: Static vs dynamic elastic parameters. LEFT TOP: P-velocities. LEFT BOTTOM: P/S –ratios. 
RIGHT TOP: S-velocities. RIGHT BOTTOM: Acoustic impedances. Symbol colour shows rock type, 
symbol size depth (see Figure 6.31). All specimens are from Set 2b. Groupings of several dynamic 
values and one UCS based value correspond to different levels of load and measurement directions. 
No clear trends can be seen. Parameters derived from UCS measurements generally show greater 
spread than parameters from ultrasonic measurements. 
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Figure 6.43: Static vs dynamic elastic parameters. LEFT TOP: Shear impedances. LEFT BOTTOM: 
Poisson’s ratios. RIGHT TOP: Poisson impedances. RIGHT BOTTOM: Lame’s lambdas. Symbol colour 
shows rock type, symbol size depth (see Figure 6.31). All specimens are from Set 2b. Groupings of 
several dynamic values and one UCS based value correspond to different levels of load and 
measurement directions. No clear trends can be seen. Parameters derived from UCS measurements 
generally show greater spread than parameters from ultrasonic measurements. 
 
94 
 
 
Figure 6.44: Static vs dynamic elastic parameters. LEFT TOP: Shear moduli. LEFT BOTTOM: Bulk 
moduli. RIGHT TOP: P-wave moduli. RIGHT BOTTOM: Young’s moduli. Symbol colour shows rock type, 
symbol size depth (see Figure 6.31). All specimens are from Set 2b. Groupings of several dynamic 
values and one UCS based value correspond to different levels of load and measurement directions. 
No clear trends can be seen. Parameters derived from UCS measurements generally show greater 
spread than parameters from ultrasonic measurements. 
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7. DISCUSSION 
 
The excavation method used in ONK-TKU-3620, Drill & Blast, is expected to show a 
deeper damaged zone than tunnel boring (Tsang et al., 2005). This should give the best 
chance of seeing changes in the physical properties. There are several challenges in 
scaling the results to site or even tunnel level, and with comparability. These aspects are 
discussed in this section. 
 
There exists bias in several aspects of the specimen selection. Ensuring intact specimens 
that can withstand preparation means no macro scale fractures are present in the 
specimens. The rock mechanics specimens required longer core sections, and are 
consequently from relatively deep in the study area. Furthermore, the surface of the 
tunnel has been removed after excavation, likely removing the most damaged layer. 
Finally, as the gneissic specimens were selected either with or against foliation, it can be 
argued that in fact the specimens show no actual foliation. 
 
 
7.1. On consistency of data 
 
Generally good agreement with previous data suggests that the petrophysical testing 
was done consistently with the measurements done previously. In some cases, as with 
S-velocity and permittivity, no previous data from Olkiluoto exists, making direct 
comparisons impossible. If available, dynamic elastic parameters have been compared 
with static ones from previous data. 
 
Tests were conducted using saline formation water, as opposed to previous tests done 
in tap water. This together with the biased foliation and presence of excavation damage 
means that the results of this study are not comparable with previous studies from 
Olkiluoto. The UCS specimens were subjected to two load cycles up to 20 MPa before 
the actual testing during the velocity measurements. This should not cause significant 
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damage in the specimens, but may nevertheless effect the comparability with previous 
results. The Brazilian specimens were thinner than the ISRM specified “equal to 
specimen radius” (ISRM, 1978), and this can be expected to further compromise the 
comparability of the tensile strength results with previous data. An overview of the 
consistency of the data is shown in Table 7.1. 
 
Table 7.1: An overview of data consistency. 
 Petrophysics Mechanical Petrophysics vs mechanical 
 D2 vs D1 S2 vs S1 D2 vs S2 D2 vs S1 D1 vs S2 
Density Consistent N/A N/A N/A N/A 
Porosity Consistent N/A N/A N/A N/A 
Resistivity R0.1, 
Resistivity R10, 
Resistivity R500 
Gneissic yes 
Granitic << 
N/A N/A N/A N/A 
IP-estimate PL Consistent N/A N/A N/A N/A 
IP-estimate PT Consistent N/A N/A N/A N/A 
Relative permittivity N/A N/A N/A N/A N/A 
Radar velocity N/A N/A N/A N/A N/A 
Magnetic susceptibility Consistent N/A N/A N/A N/A 
Remanent magnetisation Consistent N/A N/A N/A N/A 
Q-ratio Consistent N/A N/A N/A N/A 
P-velocity Consistent > Consistent > Consistent 
S-velocity N/A Gneissic < Gneissic > Consistent N/A 
PS-ratio N/A Gneissic > Gneissic < Consistent N/A 
Acoustic impedance Consistent > Consistent > Consistent 
Shear impedance N/A Gneissic < Gneissic > Consistent N/A 
Poisson impedance N/A Gneissic > Gneissic < Consistent N/A 
Poisson’s ratio N/A Gneissic > Gneissic < Consistent N/A 
Lame’s λ N/A Gneissic > Gneissic < Consistent N/A 
Shear modulus N/A Gneissic < Gneissic > Consistent N/A 
P-wave modulus Consistent > Consistent > Consistent 
Bulk modulus N/A Gneissic > Gneissic < Consistent N/A 
Young’s modulus N/A Consistent Gneissic > Gneissic > N/A 
Crack initiation stress N/A Consistent N/A N/A N/A 
Crack damage stress N/A Gneissic <, granitic >> N/A N/A N/A 
Uniaxial compressive strength N/A Gneissic <, granitic >> N/A N/A N/A 
CI/UCS-ratio N/A Gneissic >, granitic << N/A N/A N/A 
CD/UCS-ratio N/A Gneissic <, granitic > N/A N/A N/A 
Tensile strength N/A Consistent N/A N/A N/A 
< means smaller values, << much smaller values, > higher values, >> much higher values 
D is dynamic, S is static, 1 is previous data, 2 is current data 
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As expected, the differences as compared to previous values are limited to electrical and 
mechanical properties. It is known that increasing salinity increases conductivity of a 
fluid, thus reducing the resistivity. Increase in pore space fluid salinity thus leads to a 
decrease in the resistivity of the bulk of the material. Permittivity data should also show 
a difference, but no previous data exists for comparison. Furthermore, with electrical 
properties the differences seem to be limited mostly to granitic specimens, which show 
much lower resistivities than previously. 
 
Porosities of the granitic specimens do not significantly differ from the porosities of the 
gneissic specimens. The tests measure effective porosity, so the fraction of connected 
pores is similar in both rock types. Granitic specimens show lower resistivities for the 
same porosities than gneissic specimens, suggesting that what is effective porosity for 
fluid saturation is not the same as what is effective porosity for electric current. It could 
be that the generally larger grain size of the granitic specimens opens up more direct 
paths for the current, whereas the gneissic specimens have more complicated fracture 
networks, leading to same porosity but different resistivity and possibly transport 
properties. 
 
It is well known that pore space fluid decreases the strength of rock mass (Masuda, 
2001; Simpson and Fergus, 1968; Vasarhelyi and Van, 2006; Vasarhelyi, 2005). It has also 
been shown, that at concentrations of < 20 % NaCl, salinity decreases rock strength due 
to chemical corrosion (Rathnaweera et al., 2014). Tensile strength seems consistent with 
previous data, as does crack initiation stress. Crack damage stress and uniaxial 
compressive strength show differences. Interestingly, the effect seems to be opposite 
for gneissic and granitic specimens. Gneissic specimens show lower strength compared 
to previous data, as is expected with the introduction of saline pore space fluid. Granitic 
specimens however show significantly higher strength than previously. For the elastic 
properties derived from UCS testing, the effect seems to be limited to gneissic 
specimens. When discussing the results of this study, it should be remembered that for 
the mechanical properties of granitic specimens the sample size was small (N = 4 - 6). 
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7.2. On observed dependencies 
 
Most of the studied parameters did not show depth dependencies. The ones that did, 
were the parameters that are most affected by the presence of pore space fluid: 
resistivity and S-velocity, and parameters derived from them. With the resistivities, the 
effect was limited to granitic specimens: abnormally low values in the first 0.2 m from 
the study area surface, and increase with depth in the first 0.7 m. IP estimates showed 
an increase with depth for granitic specimens. Permittivity visually shows a minor 
increase with decreasing depth, but the effect is not clear. S-velocity, shear impedance, 
shear modulus and Young’s modulus all showed lowered values in the first 0.2 m from 
the study area surface, limited to granitic specimens. It appears that parameters tied to 
the S-velocity are more sensitive to microscale porosity and presence of pore space fluid. 
This is consistent with the fact that shear waves only travel in the solid matrix. UCS and 
Brazilian specimens did not cover a sufficient depth range to draw any conclusions. 
 
The effect of loading could only be studied with the elastic parameters. With increased 
load, some of the fractures in the specimen will close, leading to decreased porosity, 
increased density and increased velocities. This is in fact what we observe with both P- 
and S-velocity. The increase appears greatest in the axial direction, lateral directions 
showing only slight increase. This is consistent with the uniaxial loading. The effects of 
loading on seismic velocities have been studied especially in sedimentary environment 
(Asef and Najibi, 2013; Best, 1997). 
 
With P/S -ratio, we see no dependency on load. This suggests that the increases in the 
velocities compensate for each other. All of the impedances are directly proportionate 
to both density and velocity. As expected, we see an increase with load in all of the 
impedances. In all of the other elastic parameters, we see increase with increasing load. 
In some cases, we can observe the distribution getting narrower with increasing load, 
suggesting that the closing of the fractures leads us closer to the true value of the rock 
matrix. An overview of the observed dependencies can be found in Table 7.2. 
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Table 7.2: An overview of the observed dependencies. 
 Depth dependency Dependency on loading 
Density No N/A 
Porosity No N/A 
Resistivity R0.1 
Resistivity R10 
Resistivity R500 
Gneissic no 
Granitic << in first 0.2 m 
Increase with depth in first 0.7 m 
N/A 
IP-estimate PL Gneissic no 
Granitic slight increase with depth 
N/A 
IP-estimate PT Gneissic no 
Granitic increase with depth 
N/A 
Relative permittivity Inconclusive N/A 
Radar velocity Inconclusive N/A 
Magnetic susceptibility No N/A 
Remanent magnetisation No N/A 
Q-ratio No N/A 
P-velocity No Increase with increasing load 
S-velocity Gneissic no 
Granitic < in first 0.2 m 
Increase with increasing load 
PS-ratio No No 
Acoustic impedance No Increase with increasing load 
Shear impedance Gneissic no 
Granitic < in first 0.2 m 
Increase with increasing load 
Poisson impedance No Small increase with increasing load 
Poisson’s ratio No Increase with increasing load 
Lame’s λ No Increase with increasing load 
Shear modulus Gneissic no 
Granitic < in first 0.2 m 
Increase with increasing load 
P-wave modulus No Increase with increasing load 
Bulk modulus No Increase with increasing load 
Young’s modulus Gneissic no 
Granitic < in first 0.2 m 
Increase with increasing load 
Crack initiation stress Insufficient depth range N/A 
Crack damage stress Insufficient depth range N/A 
Uniaxial compressive strength Insufficient depth range N/A 
CI/UCS-ratio Insufficient depth range N/A 
CD/UCS-ratio Insufficient depth range N/A 
Tensile strength Insufficient depth range N/A 
< means smaller values, << much smaller values, > higher values, >> much higher values 
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With static vs dynamic elastic parameters, no clear trends were found. Parameters 
derived from UCS measurements generally showed greater spread than parameters 
from ultrasonic measurements. No estimation of static elastic parameters from dynamic 
ones is possible based on this study. In some cases, the opposite (dynamic from static) 
might be possible, but that does not solve the problem of costly, destructive 
measurements. Dynamic vs static elastic parameters have been studied extensively in 
sedimentary environments, focusing mostly on Young’s modulus (Arslan et al., 2008; 
Ciccotti and Mulargia, 2004; Martinez-Martinez et al., 2012; Olsen et al., 2008), but no 
universal dependencies seem to have been found. 
 
 
7.3. On anomalous specimens 
 
In addition to the trends, we can see some anomalous specimens on the cross plots. 
When we look at porosity in respect to depth, we can see that specimens in the first 0.7 
m from the study area surface show higher proportion of high (> 0.5 %) porosity values. 
Two specimens (EDZ155, PGR and EDZ123, VGN) stand out in the leftmost corner, 
showing abnormally high porosity values and very shallow depths. 
 
When we look at resistivity in respect to depth, two granitic specimens (EDZ155 and 
EDZ156) stand out with abnormally low resistivity and shallow depths. Both gneissic and 
granitic specimens show decreasing resistivity with increasing porosity. Two granitic 
specimens (EDZ155 and EDZ156) and one gneissic specimen (EDZ123) stand out with 
abnormally high porosity and low resistivity. 
 
Both IP estimates show an increase in the minimum values with increasing depth from 
the study area surface. PL in respect to depth separates six granitic specimens (EDZ143-
145, EDZ155-156 and EDZ161) and one gneissic specimen (EDZ117) with extremely low 
values and shallow depths. PT in respect to depth separates five granitic specimens 
(EDZ143-145 and EDZ155-156) with extremely low values and shallow depths. PL and PT 
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in respect to porosity separate two granitic specimens (EDZ155-156) and one gneissic 
(EDZ123) specimen. 
 
S-velocity, P/S –ratio, Poisson’s ratio, acoustic impedance, shear impedance and Poisson 
impedance in respect to depth from the study area surface separate two granitic 
(EDZ155-156) and two gneissic (EDZ109-110) specimens. When we look at acoustic 
impedance, Poisson’s ratio or P-wave modulus in respect to S-velocity, or S-velocity in 
respect to P-velocity, two granitic (EDZ155-156) and two gneissic (EDZ109-110) 
specimens stand out with abnormally high S-velocity compared to the other properties. 
When we look at shear impedance or shear modulus in respect to P-velocity, one granitic 
specimen (EDZ155) stands out with abnormally low P-velocity. 
 
We can see that regardless of the properties used, the same specimens keep coming up. 
The full list includes four gneissic specimens (EDZ109-110, EDZ117, EDZ123) and six 
granitic specimens (EDZ143-145, EDZ155-156 and EDZ161). Based on the specimen 
photographs, specimens EDZ117, EDZ123 and EDZ161 appear normal. Specimen EDZ161 
contains some mica. Specimens EDZ144, EDZ145, EDZ155 and EDZ156 appear fairly 
normal from the specimen photographs, with possibly some minor fracturing in the 
surface. No unusual qualities were observed by the geologist. Specimen EDZ143 appears 
normal in the photographs, but the geologist noted “minor fracturing in the surface”. 
Specimens EDZ109 and EDZ110 contain a large leucosome, and specimen EDZ109 has a 
clearly visible fracture, classified by the geologist as “horizontal EDZ feature”. Specimens 
EDZ109 and EDZ 110 are shown in Figure 7.1. 
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Figure 7.1: Specimens EDZ109 and EDZ110 showing visible fracturing in the leucosome. 
 
 
7.4. On the responses 
 
It can be asked whether we are seeing the response to excavation damage, or to 
something else. The most natural candidate is mineralogy, which affects most physical 
properties. Density statistics, as well as magnetic susceptibility and remanence show no 
depth dependencies for any of the analysed rock types. It can be argued that there is no 
clear heterogeneity in the magnetic mineralogy in respect to depth. This may or may not 
be valid for mineralogy in general. We may also see the effects of texture, not limited to 
differences between granitic and gneissic specimens, but also within rock type. Gneissic 
specimens have a greater degree of heterogeneity due to varying leucosome content. 
Differences in the texture and mineralogy may be interpreted as the effects of 
excavation damage if they have a trend with depth from the study area surface. The 
natural heterogeneity of the gneiss may also exceed the excavation induced changes in 
the rock structure, effectively disguising the effects of excavation. This could explain why 
the granitic specimens seem to show more indicators of excavation damage. 
 
As it was noted in 2.2, the rocks in Olkiluoto have seen multiple stages of deformation, 
and have therefore been loaded several times in their history. There is no way of 
knowing the exact history of a specimen, and its effects on the strength and physical 
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properties. It can however be argued, that as all of the specimens are from within 9 
meters of each other, their geological history should be more or less identical. In site 
scale this is likely not valid assumption, and care should be taken when comparing values 
to those obtained from elsewhere in Olkiluoto. 
 
Effects of drilling or sawing on the surface of the specimen should be similar at all depths 
as the holes were very shallow (< 1.3 m). In very short holes, the friction from the drilling 
does not get very high and the operator maintains very good control of the process. It is 
likely that the drilling and later preparation causes micro scale fracturing in the 
specimens, but the effect should be similar in all specimens, and therefore not affect the 
results. 
 
 
7.5. On uncertainty 
 
The estimation of errors for non-normal data is not straight forward. Uncertainties 
present in the measurements are described in section 4. For some of our subsets, the 
sample size is sufficient to allow estimation of normality based on the central limits 
theorem. In these cases, it is possible to use the standard error of the mean (SEM) to 
estimate the parameters. SEM is calculated as: 
 
𝑆𝐸𝑀 =
𝑆𝐷
√𝑁
         (7.1)  
 
Where SD is the sample standard deviation and N is the sample size. It should be noted 
that Equation (7.1) assumes statistical independence of the values, which may not be a 
valid assumption in geological context. When the data appear skewed or extreme values 
are present, the best way to estimate the data is the median with the interquartile 
distance. This does not give an error estimate per se, but allows estimation of the spread 
in the data. 
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To assess the overall quality of the data, statistics including the standard error of mean 
have been produced. These are presented in Table 7.4 for the UCS based values, and in 
7.3 for the rest of the data. Note that the uncertainty of the descriptive statistics 
increases greatly as the sample size decreases. The uncertainty varies with sample size, 
and the values in Tables 7.3 and 7.4 should not be generalised to all subsets of the data. 
These are presented separately in Appendix F. It should be noted that the effect also 
varies based on the type of measurement: the required sample size to reach a certain 
level of precision for UCS testing is not the same as for ultrasonic velocities or density. 
The variability within rock material along with the other considerations presented above 
mean that it is unrealistic to try to estimate in advance the required sample size to reach 
a certain level of uncertainty (Gill et al., 2005). Effects of the sample size on UCS testing 
have been studied post measurement, and found that the uncertainty decreases very 
rapidly up to N = 25-30 (Ruffolo and Shakoor, 2009). This suggests that at least for UCS 
testing, sample size of 30 or so should be aimed for. The effects of sample size on the 
quality of data in general has been discussed in detail by Gill et al. (2005). 
 
The level and type of associations can be estimated based on the Spearman rho values 
found in Appendix G. Subsetting increases the critical Spearman rho value, as the sample 
size decreases (Martino and Chandler, 2004). In general, our small sample sizes are going 
to lead to high level of uncertainty. 
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Table 7.3: An overview of data and estimates of uncertainty for the entire dataset excluding elastic 
parameters calculated based on UCS testing. N is sample size, Med is median value, IQR is the 
interquartile distance, Mean is sample mean, SD is sample standard deviation and SEM is the 
standard error of the mean. Not all distributions are normal, and care should be taken when 
considering whether to use median and IQR or Mean and SEM to assess the quality of the data. 
 N Med IQR Mean SD SEM 
Density (kg/m3) 132 2714 101 2699 52 4.5 
Porosity (%) 132 0.34 0.16 0.36 0.13 0.011 
Resistivity R0.1 (Ωm) 106 11900 14172 17763 16947 1646 
Resistivity R10 (Ωm) 106 11300 12950 16158 14246 1384 
Resistivity R500 (Ωm) 106 10400 11305 13924 10512 1021 
IP-estimate PL (%) 106 6.1 6.4 6.3 4.5 0.44 
IP-estimate PT (%) 106 14.0 13.7 14.8 9.4 0.91 
Relative permittivity (-) 124 5.8 0.8 6.0 0.6 0.05 
Radar velocity (m/µs) 124 124 9.0 123 5.60 0.50 
Magnetic susceptibility (µSI) 106 249 267 217 130 12.6 
Remanent magnetisation (mA/m) 106 20 9 20 9 0.87 
Q-ratio (-) 106 2.4 4.5 5.8 9.7 0.94 
P-velocity (m/s) 594 5705 352 5701 276 11.3 
S-velocity (m/s) 488 3149 221 3166 165 7.5 
PS-ratio (-) 488 1.78 0.08 1.80 0.08 0.004 
Acoustic impedance (MPa·s/m) 594 15.4 1.1 15.5 0.8 0.03 
Shear impedance (MPa·s/m) 488 8.5 0.6 8.6 0.5 0.02 
Poisson impedance (MPa·s/m) 488 3.2 0.6 3.3 0.7 0.03 
Poisson’s ratio (-) 488 0.27 0.03 0.27 0.03 0.001 
Lame’s λ (GPa) 488 31.9 7.0 33.4 7.3 0.33 
Shear modulus (GPa) 488 26.9 3.9 27.3 3.0 0.14 
P-wave modulus (GPa) 594 88.0 11.7 88.4 8.9 0.37 
Bulk modulus (GPa) 488 50.6 7.7 51.6 7.6 0.34 
Young’s modulus (GPa) 488 68.8 9.8 69.4 6.9 0.31 
Crack initiation stress (MPa) 25 50 16 49 15 3.00 
Crack damage stress (MPa) 23 90 29 96 24 5.00 
Uniax. compressive strength (MPa) 26 107.7 32.1 112.5 28.6 5.61 
CI/UCS-ratio (-) 25 0.46 0.20 0.45 0.13 0.03 
CD/UCS-ratio (-) 23 0.89 0.05 0.87 0.07 0.01 
Tensile strength (MPa) 25 10.2 2.5 10.0 2.2 0.44 
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Table 7.4: An overview of data and estimates of uncertainty for the entire UCS dataset. N is sample 
size, Med is median value, IQR is the interquartile distance, Mean is sample mean, SD is sample 
standard deviation and SEM is the standard error of the mean. Not all distributions are normal, and 
care should be taken when considering whether to use median and IQR or Mean and SEM to assess 
the quality of the data. 
 N Med IQR Mean SD SEM 
Density (kg/m3) 26 2737 30 2718 52 10.2 
Porosity (%) 26 0.30 0.10 0.33 0.13 0.025 
Relative permittivity (-) 26 6.1 0.9 6.1 0.8 0.16 
Radar velocity (m/µs) 26 121 10 122 8 1.57 
P-velocity (m/s) 26 5583 432 5662 418 82.0 
S-velocity (m/s) 26 2803 299 2868 187 36.7 
PS-ratio (-) 26 1.95 0.28 1.98 0.20 0.04 
Acoustic impedance (MPa·s/m) 26 15.2 1.3 15.4 1.2 0.24 
Shear impedance (MPa·s/m) 26 7.7 0.7 7.8 0.4 0.08 
Poisson impedance (MPa·s/m) 26 4.1 1.8 4.4 1.4 0.27 
Poisson’s ratio (-) 26 0.3 0.1 0.3 0.1 0.02 
Lame’s λ (GPa) 26 37.9 18.0 42.8 15.0 2.94 
Shear modulus (GPa) 26 21.6 4.5 22.4 2.6 0.51 
P-wave modulus (GPa) 26 84.6 14.3 87.6 13.5 2.65 
Bulk modulus (GPa) 26 53.5 15.5 57.8 14.3 2.80 
Young’s modulus (GPa) 26 57.9 9.5 59.0 5.6 1.10 
Crack initiation stress (MPa) 25 50 16 49 15 3.00 
Crack damage stress (MPa) 23 90 29 96 24 5.00 
Uniax. compressive strength (MPa) 26 107.7 32.1 112.5 28.6 5.61 
CI/UCS-ratio (-) 25 0.46 0.20 0.45 0.13 0.03 
CD/UCS-ratio (-) 23 0.89 0.02 0.87 0.07 0.01 
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8. CONCLUSIONS 
 
Physical and mechanical properties of drill core specimens were determined as a part of 
investigations into excavation damage in the dedicated study area in ONK-TKU-3620. 
The main goal of this study was to find indicators of excavation damage in the form of 
anomalous physical properties linked to increased porosity or lower mechanical 
strength. Geophysical indicators are desired for their ease, speed and cost-effectiveness. 
The secondary goal was to find associations between dynamic and static elastic 
properties, to allow estimation of rock mechanical properties using geophysical 
measurements. 
 
The results of the study by specimen subset are presented in Appendix F, including 
estimators for the uncertainty, as described in 7.5. In general, the sample sizes were 
small, leading to high uncertainty of the descriptive statistics. The uncertainty of the 
measurements can be found in 4, and the full data in Appendix E. Consistency of the 
petrophysical data with earlier measurements was generally good. Resistivity along with 
mechanical properties and UCS based elastic properties were less consistent with 
previous data due to the addition of saline pore space fluid. This indicates that previous 
test results may not be representative of the in situ properties. Granitic specimens were 
generally more consistent with previous data than gneissic specimens. For UCS based 
strength properties, gneissic and granitic specimens showed oppositely different results 
compared to previous data. Overview of the consistency of the data can be found in 
Table 7.1. 
 
The parameters most sensitive to the presence of (saline) pore space fluid showed depth 
dependencies. Resistivity showed abnormally low values in the first 0.2 m, and an 
increase with depth in the first 0.7 m from the study area surface. S-velocity, shear 
impedance, shear modulus and Young’s modulus all showed abnormally low values in 
the first 0.2 m from the study area surface. Overview of the observed dependencies can 
be found in Table 7.2. 
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In addition to clear depth dependencies, other indicators of excavation damage were 
found. Specimens in the first 0.7 m from the study area surface showed increased 
proportion of high (> 0.5 %) porosity values. Combinations of high porosity/shallow 
depth, low resistivity/shallow depth, high porosity/low resistivity, low IP/shallow depth 
and low IP/high porosity also seem to separate anomalous specimens. S-velocity, P/S -
ratio, Poisson’s ratio and all three impedances in respect to depth separated anomalous 
specimens. Abnormally high S-velocity in respect to other elastic properties also seemed 
to separate anomalous specimens. On one of the anomalous specimens, the presence 
of an EDZ feature was confirmed by Posiva geologist. This specimen could be identified 
based on S-velocity, P/S -ratio, Poisson’s ratio and all three impedances. The indicators 
are discussed in more detail in 7.3. 
 
Best indicators for excavation damage based on this study would appear to be resistivity, 
S-velocity, shear impedance, shear modulus and Young’s modulus. Most of the other 
elastic parameters in conjunction with other parameters could be used to identify 
anomalous specimens. The results support the use of electrical and seismic methods to 
identify excavation damage. Electromagnetic methods may also be applicable 
considering they observe similar parameters, namely resistivity, though frequency 
dependent variants. Estimation of static elastic properties based on dynamic elastic 
properties does not appear possible based on this study. 
 
The differences in observed properties from granitic and gneissic specimens suggests 
that they may suffer different types of excavation damage due to texture or mineralogy. 
They seem to suffer similar increase in total fracturing, but PGR may be more prone to 
long fractures that are more likely to increase transmissivity. This possible difference in 
the type of excavation damage depending on rock type should be studied in more detail. 
The effects of local stress state, grain size and brittleness on the direction and extent of 
EDZ fractures should be characterised. The possibility to establish rock type specific 
stress/shock limits for the formation of excavation damage should be investigated. 
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For more definitive results, testing should be repeated with larger sample sizes, 
preferably > 30 per subset (e.g. granitic specimens from a certain depth interval). For 
truly random, unbiased sample, it should be ensured that sampling is done equally in 
each depth group, in all foliation directions and regardless of fracturing on the specimen. 
Testing should focus on electrical/electromagnetic and elastic properties, and at least 
resistivity, P-velocity and S-velocity, along with density and porosity should be 
measured. Once definitive results have been established, they could be used to 
constrain non-destructive geophysical data, which allows true characterisation of the 
effects of excavation damage in highly fractured specimens. To establish suitability of 
the GPR EDZ method, frequency dependency of electric parameters should be studied. 
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APPENDIX A: List of specimens and tested properties 
Table A.1: List of Set1 specimens. 
Specimen code Specimen Hole Rock type Set 
ONK-SH32-0.07-0.12 EDZ109 ONK-SH32 VGN Set1a 
ONK-SH32-0.125-0.175 EDZ110 ONK-SH32 VGN Set1a 
ONK-SH32-0.25-0.3 EDZ111 ONK-SH32 VGN Set1a 
ONK-SH32-0.305-0.355 EDZ112 ONK-SH32 VGN Set1a 
ONK-SH32-0.36-0.41 EDZ113 ONK-SH32 VGN Set1a 
ONK-SH32-0.415-0.465 EDZ114 ONK-SH32 VGN Set1a 
ONK-SH32-0.47-0.52 EDZ115 ONK-SH32 VGN Set1a 
ONK-SH32-0.525-0.575 EDZ180 ONK-SH32 VGN Set1a 
ONK-SH32-0.71-0.76 EDZ181 ONK-SH32 VGN Set1a 
ONK-SH32-0.765-0.815 EDZ182 ONK-SH32 VGN Set1a 
ONK-SH39-0.06-0.11 EDZ155 ONK-SH39 PGR Set1a 
ONK-SH39-0.115-0.165 EDZ156 ONK-SH39 PGR Set1a 
ONK-SH39-0.26-0.31 EDZ157 ONK-SH39 PGR Set1a 
ONK-SH39-0.315-0.365 EDZ158 ONK-SH39 PGR Set1a 
ONK-SH39-0.37-0.42 EDZ159 ONK-SH39 PGR Set1a 
ONK-SH39-0.46-0.51 EDZ160 ONK-SH39 PGR Set1a 
ONK-SH39-0.59-0.64 EDZ161 ONK-SH39 PGR Set1a 
ONK-SH39-0.645-0.695 EDZ162 ONK-SH39 PGR Set1a 
ONK-SH39-0.7-0.75 EDZ163 ONK-SH39 PGR Set1a 
ONK-SH39-0.755-0.805 EDZ164 ONK-SH39 PGR Set1a 
ONK-SH31-0.07-0.12 EDZ101 ONK-SH31 DGN Set1b 
ONK-SH31-0.18-0.23 EDZ102 ONK-SH31 DGN Set1b 
ONK-SH31-0.235-0.285 EDZ103 ONK-SH31 DGN Set1b 
ONK-SH31-0.42-0.47 EDZ104 ONK-SH31 DGN Set1b 
ONK-SH31-0.475-0.525 EDZ105 ONK-SH31 DGN Set1b 
ONK-SH31-0.53-0.58 EDZ106 ONK-SH31 DGN Set1b 
ONK-SH31-0.585-0.635 EDZ107 ONK-SH31 DGN Set1b 
ONK-SH33-0.13-0.18 EDZ116 ONK-SH33 VGN Set1b 
ONK-SH33-0.185-0.235 EDZ117 ONK-SH33 VGN Set1b 
ONK-SH33-0.24-0.29 EDZ118 ONK-SH33 VGN Set1b 
ONK-SH33-0.425-0.475 EDZ119 ONK-SH33 VGN Set1b 
ONK-SH33-0.48-0.53 EDZ120 ONK-SH33 VGN Set1b 
ONK-SH33-0.575-0.625 EDZ121 ONK-SH33 VGN Set1b 
ONK-SH33-0.59-0.64 EDZ122 ONK-SH33 VGN Set1b 
ONK-SH34-0.03-0.078 EDZ123 ONK-SH34 VGN Set1b 
ONK-SH34-0.11-0.16 EDZ124 ONK-SH34 VGN Set1b 
ONK-SH34-0.23-0.28 EDZ125 ONK-SH34 DGN Set1b 
ONK-SH34-0.285-0.335 EDZ126 ONK-SH34 DGN Set1b 
ONK-SH34-0.34-0.39 EDZ127 ONK-SH34 DGN Set1b 
Specimen code Specimen Hole Rock type Set 
ONK-SH34-0.395-0.445 EDZ128 ONK-SH34 DGN Set1b 
ONK-SH34-0.52-0.57 EDZ129 ONK-SH34 DGN Set1b 
ONK-SH34-0.575-0.625 EDZ130 ONK-SH34 DGN Set1b 
ONK-SH35-0.09-0.14 EDZ131 ONK-SH35 VGN Set1b 
ONK-SH35-0.145-0.195 EDZ132 ONK-SH35 VGN Set1b 
ONK-SH35-0.245-0.295 EDZ133 ONK-SH35 VGN Set1b 
ONK-SH35-0.325-0.375 EDZ134 ONK-SH35 VGN Set1b 
ONK-SH35-0.405-0.455 EDZ135 ONK-SH35 VGN Set1b 
ONK-SH35-0.53-0.58 EDZ136 ONK-SH35 VGN Set1b 
ONK-SH36-0.175-0.225 EDZ137 ONK-SH36 VGN Set1b 
ONK-SH36-0.23-0.28 EDZ138 ONK-SH36 VGN Set1b 
ONK-SH36-0.33-0.38 EDZ139 ONK-SH36 VGN Set1b 
ONK-SH36-0.51-0.56 EDZ140 ONK-SH36 VGN Set1b 
ONK-SH36-0.565-0.615 EDZ141 ONK-SH36 VGN Set1b 
ONK-SH36-0.62-0.67 EDZ142 ONK-SH36 VGN Set1b 
ONK-SH37-0.12-0.17 EDZ143 ONK-SH37 PGR Set1b 
ONK-SH37-0.175-0.225 EDZ144 ONK-SH37 PGR Set1b 
ONK-SH37-0.23-0.28 EDZ145 ONK-SH37 PGR Set1b 
ONK-SH37-0.285-0.335 EDZ146 ONK-SH37 PGR Set1b 
ONK-SH37-0.34-0.39 EDZ147 ONK-SH37 PGR Set1b 
ONK-SH37-0.61-0.66 EDZ148 ONK-SH37 PGR Set1b 
ONK-SH38-0.24-0.29 EDZ150 ONK-SH38 PGR Set1b 
ONK-SH38-0.45-0.5 EDZ151 ONK-SH38 PGR Set1b 
ONK-SH38-0.505-0.555 EDZ152 ONK-SH38 PGR Set1b 
ONK-SH38-0.56-0.61 EDZ153 ONK-SH38 PGR Set1b 
ONK-SH38-0.615-0.665 EDZ154 ONK-SH38 PGR Set1b 
ONK-SH49-0.09-0.14 EDZ165 ONK-SH49 PGR Set1b 
ONK-SH49-0.145-0.195 EDZ166 ONK-SH49 PGR Set1b 
ONK-SH49-0.2-0.25 EDZ167 ONK-SH49 PGR Set1b 
ONK-SH49-0.255-0.305 EDZ168 ONK-SH49 PGR Set1b 
ONK-SH49-0.31-0.36 EDZ169 ONK-SH49 PGR Set1b 
ONK-SH49-0.365-0.415 EDZ170 ONK-SH49 PGR Set1b 
ONK-SH49-0.42-0.47 EDZ171 ONK-SH49 PGR Set1b 
ONK-SH44-0.03-0.08 EDZ172 ONK-SH44 VGN Set1b 
ONK-SH44-0.085-0.135 EDZ173 ONK-SH44 VGN Set1b 
ONK-SH44-0.14-0.19 EDZ174 ONK-SH44 VGN Set1b 
ONK-SH44-0.195-0.245 EDZ175 ONK-SH44 VGN Set1b 
ONK-SH44-0.25-0.3 EDZ176 ONK-SH44 VGN Set1b 
ONK-SH44-0.305-0.355 EDZ177 ONK-SH44 VGN Set1b 
ONK-SH44-0.36-0.41 EDZ178 ONK-SH44 VGN Set1b 
ONK-SH44-0.415-0.465 EDZ179 ONK-SH44 VGN Set1b 
 
APPENDIX A: List of specimens and tested properties 
Table A.2: List of Set 2a specimens. 
Specimen code Specimen Hole Rock type Set 
ONK-SH229-0.82-1.12 EDZ KM1 BR ONK-SH229 VGN Set2a 
ONK-SH229-1.31-1.62 EDZ KM2 BR ONK-SH229 VGN Set2a 
ONK-SH230-0.21-0.52 EDZ KM3 BR ONK-SH230 VGN Set2a 
ONK-SH230-0.84-0.95 EDZ KM4 BR ONK-SH230 VGN Set2a 
ONK-SH230-1.19-1.25 EDZ KM5 BR ONK-SH230 VGN Set2a 
ONK-SH231-0.53-0.81 EDZ KM6 BR ONK-SH231 VGN Set2a 
ONK-SH232-0.58-0.87 EDZ KM7 BR ONK-SH232 VGN Set2a 
ONK-SH232-1.10-1.122 EDZ KM8 BR ONK-SH232 VGN Set2a 
ONK-SH228-0.75-1.08 EDZ KM9 BR ONK-SH228 VGN Set2a 
ONK-SH228-1.46-1.82 EDZ KM10 BR ONK-SH228 VGN Set2a 
ONK-SH233-0.27-0.59 EDZ KM11 BR ONK-SH233 VGN Set2a 
ONK-SH235-1.22-1.64 EDZ KM12 BR ONK-SH235 VGN Set2a 
ONK-SH237-0.75-1.24 EDZ KM13 BR ONK-SH237 VGN Set2a 
ONK-SH241-0.68-0.81 EDZ KM14 BR ONK-SH241 VGN Set2a 
ONK-SH241-1.23-1.66 EDZ KM15 BR ONK-SH241 VGN Set2a 
ONK-SH241-1.23-1.66 EDZ KM16 BR ONK-SH241 VGN Set2a 
ONK-SH242-1.04-1.14 EDZ KM17 BR ONK-SH242 VGN Set2a 
ONK-SH242-0.21-0.34 EDZ KM18 BR ONK-SH242 VGN Set2a 
ONK-SH242-1.30-1.58 EDZ KM19 BR ONK-SH242 VGN Set2a 
ONK-SH236-1.13-1.40 EDZ KM20 BR ONK-SH236 VGN Set2a 
ONK-SH238-0.09-0.36 EDZ KM21 BR ONK-SH238 PGR Set2a 
ONK-SH238-0.36-0.67 EDZ KM22 BR ONK-SH238 PGR Set2a 
ONK-SH239-0.59-0.95 EDZ KM23 BR ONK-SH239 PGR Set2a 
ONK-SH239-0.95-1.21 EDZ KM24 BR ONK-SH239 PGR Set2a 
ONK-SH240-1.29-1.63 EDZ KM25 BR ONK-SH240 PGR Set2a 
ONK-SH240-0.88-1.29 EDZ KM26 BR ONK-SH240 PGR Set2a 
 
 
 
 
Table A.3: List of Set 2b specimens. 
Specimen code Specimen Hole Rock type Set 
ONK-SH229-0.82-1.12 EDZ KM1 UCS ONK-SH229 VGN Set2b 
ONK-SH229-1.31-1.62 EDZ KM2 UCS ONK-SH229 VGN Set2b 
ONK-SH230-0.21-0.52 EDZ KM3 UCS ONK-SH230 VGN Set2b 
ONK-SH230-0.84-0.95 EDZ KM4 UCS ONK-SH230 VGN Set2b 
ONK-SH230-1.19-1.25 EDZ KM5 UCS ONK-SH230 VGN Set2b 
ONK-SH231-0.53-0.81 EDZ KM6 UCS ONK-SH231 VGN Set2b 
ONK-SH232-0.58-0.87 EDZ KM7 UCS ONK-SH232 VGN Set2b 
ONK-SH232-1.10-1.122 EDZ KM8 UCS ONK-SH232 VGN Set2b 
ONK-SH228-0.75-1.08 EDZ KM9 UCS ONK-SH228 VGN Set2b 
ONK-SH228-1.46-1.82 EDZ KM10 UCS ONK-SH228 VGN Set2b 
ONK-SH233-0.27-0.59 EDZ KM11 UCS ONK-SH233 VGN Set2b 
ONK-SH235-1.22-1.64 EDZ KM12 UCS ONK-SH235 VGN Set2b 
ONK-SH237-0.75-1.24 EDZ KM13 UCS ONK-SH237 VGN Set2b 
ONK-SH241-0.68-0.81 EDZ KM14 UCS ONK-SH241 VGN Set2b 
ONK-SH241-1.23-1.66 EDZ KM15 UCS ONK-SH241 VGN Set2b 
ONK-SH241-1.23-1.66 EDZ KM16 UCS ONK-SH241 VGN Set2b 
ONK-SH242-1.04-1.14 EDZ KM17 UCS ONK-SH242 VGN Set2b 
ONK-SH242-0.21-0.34 EDZ KM18 UCS ONK-SH242 VGN Set2b 
ONK-SH242-1.30-1.58 EDZ KM19 UCS ONK-SH242 VGN Set2b 
ONK-SH236-1.13-1.40 EDZ KM20 UCS ONK-SH236 VGN Set2b 
ONK-SH238-0.09-0.36 EDZ KM21 UCS ONK-SH238 PGR Set2b 
ONK-SH238-0.36-0.67 EDZ KM22 UCS ONK-SH238 PGR Set2b 
ONK-SH239-0.59-0.95 EDZ KM23 UCS ONK-SH239 PGR Set2b 
ONK-SH239-0.95-1.21 EDZ KM24 UCS ONK-SH239 PGR Set2b 
ONK-SH240-1.29-1.63 EDZ KM25 UCS ONK-SH240 PGR Set2b 
ONK-SH240-0.88-1.29 EDZ KM26 UCS ONK-SH240 PGR Set2b 
 
 
 
 
APPENDIX A: List of specimens and tested properties 
Table A.4: List of the tested properties and abbreviations. 
Property Abbreviation 
Real specimen code REAL 
Alternative specimen code SPECIMEN 
Hole ID HOLE 
Rock type ROCK 
Specimen set SET 
Easting, KKJ X 
Northing, KKJ Y 
Hole Elevation, from International ellipsoid 1924 Z_Hole 
Elevation for top of specimen Z_TOP 
Elevation for bottom of specimen Z_BOT 
Elevation for center of specimen Z 
Depth from tunnel surface to top of specimen D_TOP 
Depth from tunnel surface to bottom of specimen D_BOT 
Depth from tunnel surface to middle of specimen D 
Diameter of specimen R 
Height of the specimen H 
Foliation FOL 
Mass, before anything, measured by GTK M_GTK 
Mass, after oven drying, measured by GTK M_DRY_GTK 
Mass, in air, after saturation, measured by GTK M_AIR_GTK 
Mass, in water, after saturation, measured by GTK M_WAT_GTK 
Mass, after oven drying, measured by SP M_DRY_SP 
Mass, in air, after saturation, measured by SP M_AIR_SP 
Mass, in water, after saturation, measured by SP M_WAT_SP 
Volume of the specimen, measured by GTK V_GTK 
Volume of the specimen, measured by SP V_SP 
Density, measured by GTK DEN_GTK 
Density, measured by SP DEN_SP 
Density, GTK equivalent, measured by SP DEN_SP_EQ 
Density, average or GTK or GTK Eq DEN 
Porosity, measured by GTK POR_GTK 
Porosity, measured by SP POR_SP 
Porosity,  average or GTK or SP POR 
Magnetic susceptibility SUSC 
Remanent magnetisation REM 
Q-ratio Q 
Resistivity, In situ R0.1 R01 
Resistivity, In situ R10 R10 
Resistivity, In situ R500 R500 
Property Abbreviation 
IP Estimate, PL, in situ PL 
IP Estimate, PT, in situ PT 
Relative permittivity PERM 
Theoretical radar velocity RAD 
P-wave velocity, unloaded, measured by GTK P_GTK 
P-wave velocity, unloaded, measured by SP, Axial P_0_AX 
P-wave velocity, unloaded, measured by SP, Lateral AC P_0_AC 
P-wave velocity, unloaded, measured by SP, Lateral BD P_0_BD 
P-wave velocity, loaded to 2.5 MPa, Axial P_2_AX 
P-wave velocity, loaded to 2.5 MPa, Lateral AC P_2_AC 
P-wave velocity, loaded to 2.5 MPa, Lateral BD P_2_BD 
P-wave velocity, loaded to 5 MPa, Axial P_5_AX 
P-wave velocity, loaded to 5 MPa, Lateral AC P_5_AC 
P-wave velocity, loaded to 5 MPa, Lateral BD P_5_BD 
P-wave velocity, loaded to 10 MPa, Axial P_10_AX 
P-wave velocity, loaded to 10 MPa, Lateral AC P_10_AC 
P-wave velocity, loaded to 10 MPa, Lateral BD P_10_BD 
P-wave velocity, loaded to 15 MPa, Axial P_15_AX 
P-wave velocity, loaded to 15 MPa, Lateral AC P_15_AC 
P-wave velocity, loaded to 15 MPa, Lateral BD P_15_BD 
P-wave velocity, loaded to 20 MPa, Axial P_20_AX 
P-wave velocity, loaded to 20 MPa, Lateral AC P_20_AC 
P-wave velocity, loaded to 20 MPa, Lateral BD P_20_BD 
S-wave velocity, unloaded, measured by SP, Axial S_0_AX 
S-wave velocity, unloaded, measured by SP, Lateral AC S_0_AC 
S-wave velocity, unloaded, measured by SP, Lateral BD S_0_BD 
S-wave velocity, loaded to 2.5 MPa, Axial S_2_AX 
S-wave velocity, loaded to 2.5 MPa, Lateral AC S_2_AC 
S-wave velocity, loaded to 2.5 MPa, Lateral BD S_2_BD 
S-wave velocity, loaded to 5 MPa, Axial S_5_AX 
S-wave velocity, loaded to 5 MPa, Lateral AC S_5_AC 
S-wave velocity, loaded to 5 MPa, Lateral BD S_5_BD 
S-wave velocity, loaded to 10 MPa, Axial S_10_AX 
S-wave velocity, loaded to 10 MPa, Lateral AC S_10_AC 
S-wave velocity, loaded to 10 MPa, Lateral BD S_10_BD 
S-wave velocity, loaded to 15 MPa, Axial S_15_AX 
S-wave velocity, loaded to 15 MPa, Lateral AC S_15_AC 
S-wave velocity, loaded to 15 MPa, Lateral BD S_15_BD 
S-wave velocity, loaded to 20 MPa, Axial S_20_AX 
S-wave velocity, loaded to 20 MPa, Lateral AC S_20_AC 
S-wave velocity, loaded to 20 MPa, Lateral BD S_20_BD 
P/S-ratio, unloaded, measured by SP, Axial PS_0_AX 
APPENDIX A: List of specimens and tested properties 
Property Abbreviation 
P/S-ratio, unloaded, measured by SP, Lateral AC PS_0_AC 
P/S-ratio, unloaded, measured by SP, Lateral BD PS_0_BD 
P/S-ratio, loaded to 2.5 MPa, Axial PS_2_AX 
P/S-ratio, loaded to 2.5 MPa, Lateral AC PS_2_AC 
P/S-ratio, loaded to 2.5 MPa, Lateral BD PS_2_BD 
P/S-ratio, loaded to 5 MPa, Axial PS_5_AX 
P/S-ratio, loaded to 5 MPa, Lateral AC PS_5_AC 
P/S-ratio, loaded to 5 MPa, Lateral BD PS_5_BD 
P/S-ratio, loaded to 10 MPa, Axial PS_10_AX 
P/S-ratio, loaded to 10 MPa, Lateral AC PS_10_AC 
P/S-ratio, loaded to 10 MPa, Lateral BD PS_10_BD 
P/S-ratio, loaded to 15 MPa, Axial PS_15_AX 
P/S-ratio, loaded to 15 MPa, Lateral AC PS_15_AC 
P/S-ratio, loaded to 15 MPa, Lateral BD PS_15_BD 
P/S-ratio, loaded to 20 MPa, Axial PS_20_AX 
P/S-ratio, loaded to 20 MPa, Lateral AC PS_20_AC 
P/S-ratio, loaded to 20 MPa, Lateral BD PS_20_BD 
Acoustic Impedance, unloaded, measured by GTK AI_GTK 
Acoustic Impedance, unloaded, measured by SP, Axial AI_0_AX 
Acoustic Impedance, unloaded, measured by SP, Lateral AC AI_0_AC 
Acoustic Impedance, unloaded, measured by SP, Lateral BD AI_0_BD 
Acoustic Impedance, loaded to 2.5 MPa, Axial AI_2_AX 
Acoustic Impedance, loaded to 2.5 MPa, Lateral AC AI_2_AC 
Acoustic Impedance, loaded to 2.5 MPa, Lateral BD AI_2_BD 
Acoustic Impedance, loaded to 5 MPa, Axial AI_5_AX 
Acoustic Impedance, loaded to 5 MPa, Lateral AC AI_5_AC 
Acoustic Impedance, loaded to 5 MPa, Lateral BD AI_5_BD 
Acoustic Impedance, loaded to 10 MPa, Axial AI_10_AX 
Acoustic Impedance, loaded to 10 MPa, Lateral AC AI_10_AC 
Acoustic Impedance, loaded to 10 MPa, Lateral BD AI_10_BD 
Acoustic Impedance, loaded to 15 MPa, Axial AI_15_AX 
Acoustic Impedance, loaded to 15 MPa, Lateral AC AI_15_AC 
Acoustic Impedance, loaded to 15 MPa, Lateral BD AI_15_BD 
Acoustic Impedance, loaded to 20 MPa, Axial AI_20_AX 
Acoustic Impedance, loaded to 20 MPa, Lateral AC AI_20_AC 
Acoustic Impedance, loaded to 20 MPa, Lateral BD AI_20_BD 
Shear Impedance, unloaded, measured by SP, Axial SI_0_AX 
Shear Impedance, unloaded, measured by SP, Lateral AC SI_0_AC 
Shear Impedance, unloaded, measured by SP, Lateral BD SI_0_BD 
Shear Impedance, loaded to 2.5 MPa, Axial SI_2_AX 
Shear Impedance, loaded to 2.5 MPa, Lateral AC SI_2_AC 
Shear Impedance, loaded to 2.5 MPa, Lateral BD SI_2_BD 
Property Abbreviation 
Shear Impedance, loaded to 5 MPa, Axial SI_5_AX 
Shear Impedance, loaded to 5 MPa, Lateral AC SI_5_AC 
Shear Impedance, loaded to 5 MPa, Lateral BD SI_5_BD 
Shear Impedance, loaded to 10 MPa, Axial SI_10_AX 
Shear Impedance, loaded to 10 MPa, Lateral AC SI_10_AC 
Shear Impedance, loaded to 10 MPa, Lateral BD SI_10_BD 
Shear Impedance, loaded to 15 MPa, Axial SI_15_AX 
Shear Impedance, loaded to 15 MPa, Lateral AC SI_15_AC 
Shear Impedance, loaded to 15 MPa, Lateral BD SI_15_BD 
Shear Impedance, loaded to 20 MPa, Axial SI_20_AX 
Shear Impedance, loaded to 20 MPa, Lateral AC SI_20_AC 
Shear Impedance, loaded to 20 MPa, Lateral BD SI_20_BD 
Poisson Impedance, unloaded, measured by SP, Axial PI_0_AX 
Poisson Impedance, unloaded, measured by SP, Lateral AC PI_0_AC 
Poisson Impedance, unloaded, measured by SP, Lateral BD PI_0_BD 
Poisson Impedance, loaded to 2.5 MPa, Axial PI_2_AX 
Poisson Impedance, loaded to 2.5 MPa, Lateral AC PI_2_AC 
Poisson Impedance, loaded to 2.5 MPa, Lateral BD PI_2_BD 
Poisson Impedance, loaded to 5 MPa, Axial PI_5_AX 
Poisson Impedance, loaded to 5 MPa, Lateral AC PI_5_AC 
Poisson Impedance, loaded to 5 MPa, Lateral BD PI_5_BD 
Poisson Impedance, loaded to 10 MPa, Axial PI_10_AX 
Poisson Impedance, loaded to 10 MPa, Lateral AC PI_10_AC 
Poisson Impedance, loaded to 10 MPa, Lateral BD PI_10_BD 
Poisson Impedance, loaded to 15 MPa, Axial PI_15_AX 
Poisson Impedance, loaded to 15 MPa, Lateral AC PI_15_AC 
Poisson Impedance, loaded to 15 MPa, Lateral BD PI_15_BD 
Poisson Impedance, loaded to 20 MPa, Axial PI_20_AX 
Poisson Impedance, loaded to 20 MPa, Lateral AC PI_20_AC 
Poisson Impedance, loaded to 20 MPa, Lateral BD PI_20_BD 
Poisson's ratio, unloaded, measured by SP, Axial NY_0_AX 
Poisson's ratio, unloaded, measured by SP, Lateral AC NY_0_AC 
Poisson's ratio, unloaded, measured by SP, Lateral BD NY_0_BD 
Poisson's ratio, loaded to 2.5 MPa, Axial NY_2_AX 
Poisson's ratio, loaded to 2.5 MPa, Lateral AC NY_2_AC 
Poisson's ratio, loaded to 2.5 MPa, Lateral BD NY_2_BD 
Poisson's ratio, loaded to 5 MPa, Axial NY_5_AX 
Poisson's ratio, loaded to 5 MPa, Lateral AC NY_5_AC 
Poisson's ratio, loaded to 5 MPa, Lateral BD NY_5_BD 
Poisson's ratio, loaded to 10 MPa, Axial NY_10_AX 
Poisson's ratio, loaded to 10 MPa, Lateral AC NY_10_AC 
Poisson's ratio, loaded to 10 MPa, Lateral BD NY_10_BD 
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Property Abbreviation 
Poisson's ratio, loaded to 15 MPa, Axial NY_15_AX 
Poisson's ratio, loaded to 15 MPa, Lateral AC NY_15_AC 
Poisson's ratio, loaded to 15 MPa, Lateral BD NY_15_BD 
Poisson's ratio, loaded to 20 MPa, Axial NY_20_AX 
Poisson's ratio, loaded to 20 MPa, Lateral AC NY_20_AC 
Poisson's ratio, loaded to 20 MPa, Lateral BD NY_20_BD 
Shear modulus, unloaded, measured by SP, Axial G_0_AX 
Shear modulus, unloaded, measured by SP, Lateral AC G_0_AC 
Shear modulus, unloaded, measured by SP, Lateral BD G_0_BD 
Shear modulus, loaded to 2.5 MPa, Axial G_2_AX 
Shear modulus, loaded to 2.5 MPa, Lateral AC G_2_AC 
Shear modulus, loaded to 2.5 MPa, Lateral BD G_2_BD 
Shear modulus, loaded to 5 MPa, Axial G_5_AX 
Shear modulus, loaded to 5 MPa, Lateral AC G_5_AC 
Shear modulus, loaded to 5 MPa, Lateral BD G_5_BD 
Shear modulus, loaded to 10 MPa, Axial G_10_AX 
Shear modulus, loaded to 10 MPa, Lateral AC G_10_AC 
Shear modulus, loaded to 10 MPa, Lateral BD G_10_BD 
Shear modulus, loaded to 15 MPa, Axial G_15_AX 
Shear modulus, loaded to 15 MPa, Lateral AC G_15_AC 
Shear modulus, loaded to 15 MPa, Lateral BD G_15_BD 
Shear modulus, loaded to 20 MPa, Axial G_20_AX 
Shear modulus, loaded to 20 MPa, Lateral AC G_20_AC 
Shear modulus, loaded to 20 MPa, Lateral BD G_20_BD 
P-wave modulus, unloaded, measured by GTK M_GTK 
P-wave modulus, unloaded, measured by SP, Axial M_0_AX 
P-wave modulus, unloaded, measured by SP, Lateral AC M_0_AC 
P-wave modulus, unloaded, measured by SP, Lateral BD M_0_BD 
P-wave modulus, loaded to 2.5 MPa, Axial M_2_AX 
P-wave modulus, loaded to 2.5 MPa, Lateral AC M_2_AC 
P-wave modulus, loaded to 2.5 MPa, Lateral BD M_2_BD 
P-wave modulus, loaded to 5 MPa, Axial M_5_AX 
P-wave modulus, loaded to 5 MPa, Lateral AC M_5_AC 
P-wave modulus, loaded to 5 MPa, Lateral BD M_5_BD 
P-wave modulus, loaded to 10 MPa, Axial M_10_AX 
P-wave modulus, loaded to 10 MPa, Lateral AC M_10_AC 
P-wave modulus, loaded to 10 MPa, Lateral BD M_10_BD 
P-wave modulus, loaded to 15 MPa, Axial M_15_AX 
P-wave modulus, loaded to 15 MPa, Lateral AC M_15_AC 
P-wave modulus, loaded to 15 MPa, Lateral BD M_15_BD 
P-wave modulus, loaded to 20 MPa, Axial M_20_AX 
P-wave modulus, loaded to 20 MPa, Lateral AC M_20_AC 
Property Abbreviation 
P-wave modulus, loaded to 20 MPa, Lateral BD M_20_BD 
Bulk modulus, unloaded, measured by SP, Axial K_0_AX 
Bulk modulus, unloaded, measured by SP, Lateral AC K_0_AC 
Bulk modulus, unloaded, measured by SP, Lateral BD K_0_BD 
Bulk modulus, loaded to 2.5 MPa, Axial K_2_AX 
Bulk modulus, loaded to 2.5 MPa, Lateral AC K_2_AC 
Bulk modulus, loaded to 2.5 MPa, Lateral BD K_2_BD 
Bulk modulus, loaded to 5 MPa, Axial K_5_AX 
Bulk modulus, loaded to 5 MPa, Lateral AC K_5_AC 
Bulk modulus, loaded to 5 MPa, Lateral BD K_5_BD 
Bulk modulus, loaded to 10 MPa, Axial K_10_AX 
Bulk modulus, loaded to 10 MPa, Lateral AC K_10_AC 
Bulk modulus, loaded to 10 MPa, Lateral BD K_10_BD 
Bulk modulus, loaded to 15 MPa, Axial K_15_AX 
Bulk modulus, loaded to 15 MPa, Lateral AC K_15_AC 
Bulk modulus, loaded to 15 MPa, Lateral BD K_15_BD 
Bulk modulus, loaded to 20 MPa, Axial K_20_AX 
Bulk modulus, loaded to 20 MPa, Lateral AC K_20_AC 
Bulk modulus, loaded to 20 MPa, Lateral BD K_20_BD 
Young's modulus, unloaded, measured by SP, Axial E_0_AX 
Young's modulus, unloaded, measured by SP, Lateral AC E_0_AC 
Young's modulus, unloaded, measured by SP, Lateral BD E_0_BD 
Young's modulus, loaded to 2.5 MPa, Axial E_2_AX 
Young's modulus, loaded to 2.5 MPa, Lateral AC E_2_AC 
Young's modulus, loaded to 2.5 MPa, Lateral BD E_2_BD 
Young's modulus, loaded to 5 MPa, Axial E_5_AX 
Young's modulus, loaded to 5 MPa, Lateral AC E_5_AC 
Young's modulus, loaded to 5 MPa, Lateral BD E_5_BD 
Young's modulus, loaded to 10 MPa, Axial E_10_AX 
Young's modulus, loaded to 10 MPa, Lateral AC E_10_AC 
Young's modulus, loaded to 10 MPa, Lateral BD E_10_BD 
Young's modulus, loaded to 15 MPa, Axial E_15_AX 
Young's modulus, loaded to 15 MPa, Lateral AC E_15_AC 
Young's modulus, loaded to 15 MPa, Lateral BD E_15_BD 
Young's modulus, loaded to 20 MPa, Axial E_20_AX 
Young's modulus, loaded to 20 MPa, Lateral AC E_20_AC 
Young's modulus, loaded to 20 MPa, Lateral BD E_20_BD 
Lame's first parameter, unloaded, measured by SP, Axial L_0_AX 
Lame's first parameter, unloaded, measured by SP, Lateral AC L_0_AC 
Lame's first parameter, unloaded, measured by SP, Lateral BD L_0_BD 
Lame's first parameter, loaded to 2.5 MPa, Axial L_2_AX 
Lame's first parameter, loaded to 2.5 MPa, Lateral AC L_2_AC 
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Property Abbreviation 
Lame's first parameter, loaded to 2.5 MPa, Lateral BD L_2_BD 
Lame's first parameter, loaded to 5 MPa, Axial L_5_AX 
Lame's first parameter, loaded to 5 MPa, Lateral AC L_5_AC 
Lame's first parameter, loaded to 5 MPa, Lateral BD L_5_BD 
Lame's first parameter, loaded to 10 MPa, Axial L_10_AX 
Lame's first parameter, loaded to 10 MPa, Lateral AC L_10_AC 
Lame's first parameter, loaded to 10 MPa, Lateral BD L_10_BD 
Lame's first parameter, loaded to 15 MPa, Axial L_15_AX 
Lame's first parameter, loaded to 15 MPa, Lateral AC L_15_AC 
Lame's first parameter, loaded to 15 MPa, Lateral BD L_15_BD 
Lame's first parameter, loaded to 20 MPa, Axial L_20_AX 
Lame's first parameter, loaded to 20 MPa, Lateral AC L_20_AC 
Lame's first parameter, loaded to 20 MPa, Lateral BD L_20_BD 
P-wave velocity (UCS) P_UCS 
S-wave velocity (UCS) S_UCS 
P/S-ratio, from UCS PS_UCS 
Acoustic Impedance, from UCS AI_UCS 
Shear Impedance, from UCS SI_UCS 
Poisson Impedance, from UCS PI_UCS 
Poisson's ratio (UCS) NY_UCS 
Shear modulus (UCS) G_UCS 
P-wave modulus (UCS) M_UCS 
Bulk modulus (UCS) K_UCS 
Young's modulus (UCS) E_UCS 
Lame's first parameter (UCS) L_UCS 
Crack initiation stress, from AE CI 
Crack damage stress, from AE CD 
Uniaxial compressive strength UCS 
Indirect tensile strength TEN 
CI/UCS ratio CI_TO_UCS 
CD/UCS ratio CD_TO_UCS 
 
 
APPENDIX B: Hole details 
Table B.1: List of hole details. 
Hole ID Easting, KKJ Northing, KKJ Hole Elevation 
ONK-SH32 6792305.80 1525465.76 -345.510 
ONK-SH39 6792312.81 1525465.75 -345.360 
ONK-SH31 6792304.81 1525465.77 -345.450 
ONK-SH33 6792306.81 1525465.77 -345.490 
ONK-SH34 6792307.80 1525465.76 -345.370 
ONK-SH35 6792308.80 1525465.76 -345.420 
ONK-SH36 6792309.82 1525465.76 -345.450 
ONK-SH37 6792310.80 1525465.76 -345.530 
ONK-SH38 6792311.81 1525465.76 -345.250 
ONK-SH49 6792313.81 1525465.78 -345.400 
ONK-SH44 6792308.81 1525466.76 -345.440 
ONK-SH229 6792307.06 1525465.56 -345.495 
ONK-SH230 6792307.49 1525465.59 -345.407 
ONK-SH231 6792308.18 1525465.57 -345.464 
ONK-SH232 6792308.52 1525465.59 -345.419 
ONK-SH228 6792306.58 1525465.57 -345.522 
ONK-SH233 6792308.55 1525465.38 -345.386 
ONK-SH235 6792307.50 1525465.38 -345.418 
ONK-SH237 6792306.49 1525465.38 -345.527 
ONK-SH241 6792309.04 1525465.35 -345.496 
ONK-SH242 6792309.57 1525465.34 -345.522 
ONK-SH236 6792306.97 1525465.38 -345.509 
ONK-SH238 6792312.09 1525465.56 -345.301 
ONK-SH239 6792312.59 1525465.58 -345.336 
ONK-SH240 6792312.10 1525465.36 -345.312 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.1: Set 1a specimens EDZ109-EDZ113. Photos: SP. 
 
 
APPENDIX C: Specimen photographs 
Figure C.2: Set 1a specimens EDZ114-EDZ115, EDZ155-EDZ157. Photos: SP. 
 
 
APPENDIX C: Specimen photographs 
Figure C.3: Set 1a specimens EDZ158-EDZ162. Photos: SP. 
 
 
APPENDIX C: Specimen photographs 
Figure C.4: Set 1a specimens EDZ163-EDZ164, EDZ181-EDZ182. Photos: SP. 
 
 
APPENDIX C: Specimen photographs 
Figure C.5: Set 1b specimens EDZ101-EDZ107. Photos: GTK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.6: Set 1b specimens EDZ116-EDZ122. Photos: GTK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.7: Set 1b specimens EDZ123-EDZ135. Photos: GTK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
 
Figure C.8: Set 1b specimens EDZ136-EDZ138, EDZ148. Photos: GTK. 
 
 
APPENDIX C: Specimen photographs 
 
Figure C.9: Set 1b specimens EDZ139-EDZ147, EDZ150. Photos: GTK. 
 
 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.10: Set 1b specimens EDZ151-EDZ154, EDZ165-EDZ179. Photos: GTK. 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.11: Set 2a specimens EDZ KM1 BR-EDZ KM3 BR, EDZ KM5 BR. Photos: SP. 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.12: Set 2a specimens EDZ KM6 BR-EDZ KM9 BR. Photos: SP. 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.13: Set 2a specimens EDZ KM10 BR-EDZ KM13 BR. Photos: SP. 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.14: Set 2a specimens EDZ KM14 BR-EDZ KM17 BR. Photos: SP. 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.15: Set 2a specimens EDZ KM18 BR-EDZ KM21 BR. Photos: SP. 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.16: Set 2a specimens EDZ KM22 BR-EDZ KM26 BR. Photos: SP. 
 
APPENDIX C: Specimen photographs 
Figure C.17: Set 2b specimens EDZ KM1 UCS and EDZ KM2 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.18: Set 2b specimens EDZ KM3 UCS and EDZ KM4 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.19: Set 2b specimens EDZ KM5 UCS and EDZ KM6 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.20: Set 2b specimens EDZ KM7 UCS and EDZ KM8 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.21: Set 2b specimens EDZ KM9 UCS and EDZ KM10 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.22: Set 2b specimens EDZ KM11 UCS and EDZ KM12 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.23: Set 2b specimens EDZ KM13 UCS and EDZ KM14 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.24: Set 2b specimens EDZ KM15 UCS and EDZ KM16 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.25: Set 2b specimens EDZ KM17 UCS and EDZ KM18 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.26: Set 2b specimens EDZ KM19 UCS and EDZ KM20 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.27: Set 2b specimens EDZ KM21 UCS and EDZ KM22 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.28: Set 2b specimens EDZ KM23 UCS and EDZ KM24 UCS. Photos: SP. 
 
 
 
 
 
 
APPENDIX C: Specimen photographs 
Figure C.29: Set 2b specimens EDZ KM25 UCS and EDZ KM26 UCS. Photos: SP. 
 
 
APPENDIX D: Petrophysical measurement description by GTK 
Magnetic susceptibility 
Research equipment and methods for magnetic susceptibility measurements: 
 
 A low field AC-susceptibility bridge K-7A designed and built for larger hand 
specimens (100-500 cm3) and core specimens at GTK. 
 
The measurements were carried out using low frequency (f = 993 Hz) alternating 
current bridge. The measurement field parallel to the coil axis has about the same 
magnitude as the Earth’s magnetic field (20 - 50 A/m). For weakly magnetic 
(susceptibility < 1000 x 10-6 SI-units) specimens of average size the standard error of 
repeated measurements is generally below 20 x 10-6 SI-units. For more strongly 
magnetic and anisotropic block specimens the result can vary by more than 10 %, 
depending on the position and direction of the specimen in the coil.  
 
 
Remanent Magnetization  
Research equipment and methods for remanent magnetization measurements: 
 
 The intensity of remanent magnetization was measured from the drill core 
specimens with fluxgate magnetometers inside μ-metal shielding. The magnetic 
flux in the shielded volume is less than 100 nT and the noise level less than 0.1 
nT. The measuring sensitivity is about 3 · 10-3 A/m for specimens of average 
size. The repeatability is ca. 10 mA/m for weakly magnetic specimens of typical 
size (200 cm3).  
 
 
Galvanic measurement of apparent specific resistivity  
Research equipment and methods for apparent specific resistivity measurement: 
 
 GTK built equipment including 2-point system with wet electrodes  
 
Apparent specific resistivity was measured with galvanic method. The measurements 
were done on water saturated rocks in galvanic contact using three frequencies 0.1,10 
and 500 Hz. The measuring range is ca. 10-2 – 106 ohmm. Induced polarization 
parameters (PL and PT) were calculated as frequency effect (in %).  
%100
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
 
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%100
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APPENDIX D: Petrophysical measurement description by GTK 
where ρ0.1, ρ10 and ρ500 are the apparent resistivity measured with frequency of 0.1, 10 
and 500 Hz, respectively 
The error of repeated measurements is less than 10 % at resistance range of 10 – 106 
ohmm. The specimens were kept in Onkalo water during 14 days. The specimen is 
placed between wet electrodes (Onkalo water), which are connected in serial circuit 
with known resistor. The current is measured over the connectors of the resistor, and the 
resistance is measured from the surfaces of the specimen.  
 
Density  
Density was measured as the mass per unit volume, expressed in kilograms per cubic 
meters (kg/m3). The density was determined by weighing the specimen first in air and 
then in water (Archimedes principle). The dry bulk density was calculated. The 
accuracy of the balance is 0.01 g and the repeatability for weighing of a standard-size 
(200 cm3) specimen is better than 0.01 %.  
 
The bulk density of a rock specimen is calculated from equation 
 wair
wair
PP
DP
D



      
where Pair is the weight in air, Pw the weight in water and DW the density of water in 
measured temperature. Measurements are typically carried out from dry specimens, 
which will lead to slightly too low density estimates due to porosity of the rock mass. 
This systematic error is mostly less than 1 % when average porosity of specimens is 
0.6%  
 
Porosity  
Research equipment and methods include: 
 Balance with an accuracy of 0.01 g  
 Furnace for drying the specimens  
 
Porosity measurements give the proportion of interconnected pore and fracture volume 
from the total volume of the specimen. Effective porosity (Pe) is determined in ground 
surface conditions by water saturation method according to Archimedean principle. The 
effective porosity of rock specimens is calculated by utilizing the weight difference of 
water saturated and oven dried specimens.  
 
Porosity is calculated according to equation  
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b
pw
e
V
V
P 100  = 100 * (Mwa – Mda) / (Mwa – Mww)    
where Vpw = water volume absorbed in the pore space (= (Mwa – Mda) / g*Dw) and Vb = 
total volume of specimen (= (Mwa – Mww) /g*Dw) where Dw is the density of water. Mda 
is weight of oven dried specimen in air, Mwa is weight of water saturated specimen in 
air, Mww is weight mass of water saturated specimen in water and g = acceleration of 
gravity. 
 
Onkalo water-saturated (3-7 14-17 days at room temperature and pressure) specimens 
were weighed before and after drying in an oven (five days in 90ºC). The accuracy of 
the measurement depends on the degree of saturation of the specimen and on the 
accuracy of determination of the dry and water-saturated weights. 
 
 
Seismic P-wave velocity  
Research equipment and methods include: 
 
 P-wave velocity is measured using sonar elements. Electrical pulse with a high 
frequency of about 1 MHz is generated with pulse generator and transmitted 
through submerged specimen. Transit time is measured with pulse counter. 
Measurements are done at room pressure and temperature.  
Seismic P-wave velocity measurements reflect the propagation velocity of 
compressional waves transmitted through the rock by using echo-sounding elements. In 
laboratory conditions only the compressional P-waves are measured. The P-vawes are 
measured parallel to the long axis of core specimen.  
 
First, both ends of a specimen were smoothened. Length of the specimen was measured 
with digital calliper. Prior to measurements the specimens were saturated in Onkalo 
water during 14 days. The accuracy of measured P-wave velocity is approximately 10 
m/s. 
 
 
APPENDIX E: All data by specimen 
Table E.1: All measured and calculated data for Set 1a. 
SPECIMEN ROCK X Y Z_Hole Z_TOP Z_BOT Z D_TOP D_BOT D R H FOL M_GTK M_DRY_GTK 
  [m] [m] [m] [m] [m] [m] [m] [m] [m] [mm] [mm] [°] [g] [g] 
EDZ109 VGN 6792305.80 1525465.76 -345.510 -345.580 -345.630 -345.605 0.07 0.12 0.10 69.35 50.12 45.00 513.10 512.58 
EDZ110 VGN 6792305.80 1525465.76 -345.510 -345.635 -345.685 -345.660 0.13 0.18 0.15 69.32 50.27 37.00 519.07 518.77 
EDZ111 VGN 6792305.80 1525465.76 -345.510 -345.760 -345.810 -345.785 0.25 0.30 0.28 69.29 50.46 32.00 522.46 521.60 
EDZ112 VGN 6792305.80 1525465.76 -345.510 -345.815 -345.865 -345.840 0.31 0.36 0.33 69.23 49.02 41.00 507.27 506.33 
EDZ113 VGN 6792305.80 1525465.76 -345.510 -345.870 -345.920 -345.895 0.36 0.41 0.39 68.93 49.96 54.00 512.10 511.47 
EDZ114 VGN 6792305.80 1525465.76 -345.510 -345.925 -345.975 -345.950 0.42 0.47 0.44 69.33 49.66 58.00 514.83 514.28 
EDZ115 VGN 6792305.80 1525465.76 -345.510 -345.980 -346.030 -346.005 0.47 0.52 0.50 69.31 49 62.00 500.87 500.38 
EDZ180 VGN 6792305.80 1525465.76 -345.510 -346.035 -346.085 -346.060 0.53 0.58 0.55 69.34 49.64 62.00 511.17 510.78 
EDZ181 VGN 6792305.80 1525465.76 -345.510 -346.220 -346.270 -346.245 0.71 0.76 0.74 69.21 49.4 60.00 505.71 505.39 
EDZ182 VGN 6792305.80 1525465.76 -345.510 -346.275 -346.325 -346.300 0.77 0.82 0.79 69.27 49.04 60.00 504.99 504.65 
EDZ155 PGR 6792312.81 1525465.75 -345.360 -345.420 -345.470 -345.445 0.06 0.11 0.09 69.53 49.46 43.00 490.48 489.91 
EDZ156 PGR 6792312.81 1525465.75 -345.360 -345.475 -345.525 -345.500 0.12 0.17 0.14 69.66 49.14 43.00 488.11 487.91 
EDZ157 PGR 6792312.81 1525465.75 -345.360 -345.620 -345.670 -345.645 0.26 0.31 0.29 69.52 49.52 43.00 491.43 491.18 
EDZ158 PGR 6792312.81 1525465.75 -345.360 -345.675 -345.725 -345.700 0.32 0.37 0.34 69.50 49.56 43.00 494.71 494.44 
EDZ159 PGR 6792312.81 1525465.75 -345.360 -345.730 -345.780 -345.755 0.37 0.42 0.40 69.45 48.32 43.00 481.20 480.93 
EDZ160 PGR 6792312.81 1525465.75 -345.360 -345.820 -345.870 -345.845 0.46 0.51 0.49 69.47 49.46 45.00 491.79 491.54 
EDZ161 PGR 6792312.81 1525465.75 -345.360 -345.950 -346.000 -345.975 0.59 0.64 0.62 69.57 49.09 45.00 488.88 488.57 
EDZ162 PGR 6792312.81 1525465.75 -345.360 -346.005 -346.055 -346.030 0.65 0.70 0.67 69.41 49.52 45.00 492.74 492.43 
EDZ163 PGR 6792312.81 1525465.75 -345.360 -346.060 -346.110 -346.085 0.70 0.75 0.73 69.55 49.54 45.00 494.17 493.79 
EDZ164 PGR 6792312.81 1525465.75 -345.360 -346.115 -346.165 -346.140 0.76 0.81 0.78 69.48 48.88 45.00 485.54 485.25 
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SPECIMEN ROCK M_AIR_GTK M_WAT_GTK M_DRY_SP M_AIR_SP M_WAT_SP V_GTK V_SP DEN_GTK DEN_SP DEN_SP_EQ DEN POR_GTK POR_SP POR 
  [g] [g] [g] [g] [g] [cm3] [cm3] [kg/m3] [kg/m3] [kg/m3] [kg/m3] [%] [%] [%] 
EDZ109 VGN 513.32 324.40 512.71 513.48 324.34 189.32 189.52 2710.23 2705.32 2709.38 2709.80 0.39 0.41 0.40 
EDZ110 VGN 519.24 329.97 518.81 519.36 330.00 189.71 189.74 2736.11 2734.33 2737.23 2736.67 0.25 0.29 0.27 
EDZ111 VGN 522.87 332.98 521.82 523.09 333.05 190.25 190.42 2746.14 2740.35 2747.02 2746.58 0.67 0.67 0.67 
EDZ112 VGN 507.70 323.51 506.68 507.89 323.37 184.53 184.89 2749.04 2740.44 2746.99 2748.02 0.74 0.66 0.70 
EDZ113 VGN 512.47 326.37 511.55 512.66 326.29 186.45 186.74 2746.58 2739.32 2745.26 2745.92 0.54 0.60 0.57 
EDZ114 VGN 515.23 328.11 514.28 515.32 328.11 187.44 187.59 2746.60 2741.58 2747.13 2746.86 0.51 0.56 0.53 
EDZ115 VGN 501.19 316.69 500.51 501.37 316.73 184.86 185.01 2709.50 2705.31 2709.96 2709.73 0.44 0.47 0.45 
EDZ180 VGN 511.45 324.41 510.83 511.61 324.39 187.42 187.60 2727.37 2723.04 2727.20 2727.29 0.36 0.42 0.39 
EDZ181 VGN 506.03 320.53 505.43 506.21 320.58 185.86 186.00 2720.94 2717.34 2721.53 2721.23 0.35 0.42 0.38 
EDZ182 VGN 505.29 320.82 504.63 505.48 320.75 184.83 185.10 2732.24 2726.25 2730.85 2731.54 0.35 0.46 0.40 
EDZ155 PGR 491.19 303.76 490.05 491.59 303.80 187.80 188.17 2611.67 2604.34 2612.53 2612.10 0.68 0.82 0.75 
EDZ156 PGR 488.83 301.93 487.92 489.29 302.13 187.27 187.54 2606.42 2601.75 2609.06 2607.74 0.49 0.73 0.61 
EDZ157 PGR 491.82 304.25 491.22 492.19 304.48 187.94 188.09 2614.78 2611.68 2616.83 2615.80 0.34 0.52 0.43 
EDZ158 PGR 495.03 307.39 494.40 495.20 307.14 188.01 188.44 2631.25 2623.69 2627.94 2629.59 0.31 0.43 0.37 
EDZ159 PGR 481.53 298.92 480.71 481.61 298.84 183.02 183.14 2629.18 2624.88 2629.79 2629.49 0.33 0.49 0.41 
EDZ160 PGR 492.19 305.08 491.60 492.49 305.07 187.46 187.80 2623.41 2617.74 2622.48 2622.94 0.35 0.47 0.41 
EDZ161 PGR 489.35 303.10 488.66 489.56 303.13 186.62 186.80 2619.65 2615.90 2620.72 2620.18 0.42 0.48 0.45 
EDZ162 PGR 493.18 306.20 492.47 493.40 306.34 187.36 187.43 2629.88 2627.42 2632.38 2631.13 0.40 0.50 0.45 
EDZ163 PGR 494.62 306.80 493.42 494.39 306.58 188.19 188.19 2625.85 2621.98 2627.13 2626.49 0.44 0.52 0.48 
EDZ164 PGR 485.86 300.94 485.31 486.08 301.01 185.31 185.44 2620.18 2617.06 2621.21 2620.70 0.33 0.42 0.37 
 
 
 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK SUSC REM Q R01 R10 R500 PL PT PERM RAD P_GTK P_0_AX S_0_AX 
  [10-6SI] [10-3A/m]  [ohmm] [ohmm] [ohmm] [%] [%]  [m/µs] [m/s] [m/s] [m/s] 
EDZ109 VGN 121.15 20.00 4.00 15200.00 14500.00 13700.00 4.61 9.87 5.68 125.75 6180.00 6024.49 3628.68 
EDZ110 VGN 189.17 19.00 2.43 19500.00 18300.00 16700.00 6.15 14.36 5.41 128.91 6071.00 6087.71 3687.31 
EDZ111 VGN 354.68 16.00 1.09 5510.00 4870.00 4210.00 11.62 23.59 7.12 112.38 5432.00 5504.96 2936.14 
EDZ112 VGN 347.16 28.00 1.95 5310.00 4880.00 4260.00 8.10 19.77 6.84 114.61 5299.00 5255.28 3028.44 
EDZ113 VGN 347.15 25.00 1.74 10200.00 9250.00 8050.00 9.31 21.08 7.27 111.23 5378.00 5395.87 3221.89 
EDZ114 VGN 346.19 8.00 0.56 9790.00 8350.00 7200.00 14.71 26.46 7.44 109.95 5463.00 5432.54 3167.75 
EDZ115 VGN 242.21 20.00 2.00 10400.00 10100.00 9530.00 2.88 8.37 6.16 120.77 5633.00 5554.83 3224.22 
EDZ180 VGN 273.49 20.00 1.77 13400.00 12400.00 11300.00 7.46 15.67 6.56 117.03 5660.00 5463.83 2645.78 
EDZ181 VGN 250.07 32.00 3.10 10800.00 10500.00 9840.00 2.78 8.89 6.16 120.80 5752.00 5628.30 2737.57 
EDZ182 VGN 300.12 15.00 1.21 13600.00 12900.00 11900.00 5.15 12.50 5.91 123.35 5677.00 5572.38 3330.70 
EDZ155 PGR 46.28 10.00 5.23 1810.00 1850.00 1800.00 0.00 0.55 6.15 120.86 5442.00 5239.38 3385.66 
EDZ156 PGR 31.46 13.00 10.00 1920.00 1940.00 1920.00 0.00 0.00 5.74 125.11 5491.00 5592.52 3434.43 
EDZ157 PGR 20.00 24.00 29.05 5530.00 5450.00 5320.00 1.45 3.80 5.58 126.87 5902.00 5866.21 3332.07 
EDZ158 PGR 32.73 7.00 5.18 6670.00 6510.00 6290.00 2.40 5.70 5.30 130.24 6158.00 6060.40 3185.86 
EDZ159 PGR 31.87 12.00 9.12 6980.00 6830.00 6590.00 2.15 5.59 5.55 127.29 6235.00 6046.95 3200.00 
EDZ160 PGR 37.72 19.00 12.20 6950.00 6820.00 6600.00 1.87 5.04 5.51 127.70 6084.00 5855.55 3213.88 
EDZ161 PGR 32.77 27.00 19.95 6650.00 6680.00 6390.00 0.00 3.91 5.84 124.01 5987.00 5789.21 3228.91 
EDZ162 PGR 47.44 23.00 11.74 8850.00 8620.00 8180.00 2.60 7.57 5.82 124.32 5939.00 5650.06 3155.59 
EDZ163 PGR 53.00 23.00 10.51 9820.00 9760.00 9350.00 0.61 4.79 5.49 127.95 6019.00 5911.62 3277.50 
EDZ164 PGR 23.00 20.00 21.05 10500.00 10400.00 9910.00 0.95 5.62 5.64 126.24 6096.00 5989.35 3215.38 
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SPECIMEN ROCK PS_0_AX AI_GTK AI_0_AX SI_0_AX PI_0_AX NY_0_AX G_0_AX M_GTK M_0_AX K_0_AX E_0_AX L_0_AX 
  [-] [MPa*s / m] [MPa*s / m] [MPa*s / m] [MPa*s / m] [-] [GPa] [GPa] [GPa] [GPa] [GPa] [GPa] 
EDZ109 VGN 1.66 16.75 16.33 9.83 2.46 0.22 35.68 103.49 98.35 50.78 86.73 26.99 
EDZ110 VGN 1.65 16.61 16.66 10.09 2.43 0.21 37.21 100.87 101.42 51.81 90.06 27.00 
EDZ111 VGN 1.87 14.92 15.12 8.06 3.75 0.30 23.68 81.04 83.23 51.66 61.62 35.88 
EDZ112 VGN 1.74 14.56 14.44 8.32 2.71 0.25 25.20 77.16 75.89 42.29 63.08 25.49 
EDZ113 VGN 1.67 14.77 14.82 8.85 2.34 0.22 28.50 79.42 79.95 41.94 69.72 22.94 
EDZ114 VGN 1.71 15.01 14.92 8.70 2.65 0.24 27.56 81.98 81.07 44.31 68.49 25.94 
EDZ115 VGN 1.72 15.26 15.05 8.74 2.73 0.25 28.17 85.98 83.61 46.05 70.20 27.27 
EDZ180 VGN 2.07 15.44 14.90 7.22 4.73 0.35 19.09 87.37 81.42 55.96 51.43 43.24 
EDZ181 VGN 2.06 15.65 15.32 7.45 4.81 0.35 20.39 90.03 86.20 59.01 54.86 45.42 
EDZ182 VGN 1.67 15.51 15.22 9.10 2.39 0.22 30.30 88.03 84.82 44.41 74.06 24.21 
EDZ155 PGR 1.55 14.22 13.69 8.84 1.22 0.14 29.94 77.36 71.70 31.78 68.36 11.82 
EDZ156 PGR 1.63 14.32 14.58 8.96 1.96 0.20 30.76 78.63 81.56 40.55 73.65 20.04 
EDZ157 PGR 1.76 15.44 15.34 8.72 3.06 0.26 29.04 91.12 90.02 51.29 73.29 31.93 
EDZ158 PGR 1.90 16.19 15.94 8.38 4.12 0.31 26.69 99.72 96.58 60.99 69.88 43.20 
EDZ159 PGR 1.89 16.39 15.90 8.41 4.04 0.31 26.93 102.22 96.15 60.25 70.30 42.30 
EDZ160 PGR 1.82 15.96 15.36 8.43 3.47 0.28 27.09 97.09 89.93 53.81 69.60 35.75 
EDZ161 PGR 1.79 15.69 15.17 8.46 3.24 0.27 27.32 93.92 87.82 51.39 69.62 33.18 
EDZ162 PGR 1.79 15.63 14.87 8.30 3.16 0.27 26.20 92.80 83.99 49.06 66.72 31.59 
EDZ163 PGR 1.80 15.81 15.53 8.61 3.39 0.28 28.21 95.15 91.79 54.17 72.12 35.36 
EDZ164 PGR 1.86 15.98 15.70 8.43 3.81 0.30 27.09 97.39 94.01 57.88 70.31 39.82 
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Table E.2: All measured and calculated data for Set 1b. 
SPECIMEN ROCK X Y Z_Hole Z_TOP Z_BOT Z D_TOP D_BOT D R H FOL 
  [m] [m] [m] [m] [m] [m] [m] [m] [m] [mm] [mm] [°] 
EDZ101 DGN 6792304.81 1525465.77 -345.450 -345.520 -345.570 -345.545 0.07 0.12 0.10 69.17 50.66 55.00 
EDZ102 DGN 6792304.81 1525465.77 -345.450 -345.630 -345.680 -345.655 0.18 0.23 0.21 69.10 49.51 45.00 
EDZ103 DGN 6792304.81 1525465.77 -345.450 -345.685 -345.735 -345.710 0.24 0.29 0.26 68.57 49.89 47.00 
EDZ104 DGN 6792304.81 1525465.77 -345.450 -345.870 -345.920 -345.895 0.42 0.47 0.45 69.03 49.55 38.00 
EDZ105 DGN 6792304.81 1525465.77 -345.450 -345.925 -345.975 -345.950 0.48 0.53 0.50 68.93 49.52 44.00 
EDZ106 DGN 6792304.81 1525465.77 -345.450 -345.980 -346.030 -346.005 0.53 0.58 0.56 69.35 50.77 ? 
EDZ107 DGN 6792304.81 1525465.77 -345.450 -346.035 -346.085 -346.060 0.59 0.64 0.61 69.28 50.37 ? Pegmat. 
EDZ116 VGN 6792306.81 1525465.77 -345.490 -345.620 -345.670 -345.645 0.13 0.18 0.16 69.98 49.24 37.00 
EDZ117 VGN 6792306.81 1525465.77 -345.490 -345.675 -345.725 -345.700 0.19 0.24 0.21 69.95 49.42 35.00 
EDZ118 VGN 6792306.81 1525465.77 -345.490 -345.730 -345.780 -345.755 0.24 0.29 0.27 69.94 49.01 35.00 
EDZ119 VGN 6792306.81 1525465.77 -345.490 -345.915 -345.965 -345.940 0.43 0.48 0.45 69.90 49.31 42.00 
EDZ120 VGN 6792306.81 1525465.77 -345.490 -345.970 -346.020 -345.995 0.48 0.53 0.51 69.89 50.25 42.00 
EDZ121 VGN 6792306.81 1525465.77 -345.490 -346.065 -346.115 -346.090 0.58 0.63 0.60 69.81 48.7 47.00 
EDZ122 VGN 6792306.81 1525465.77 -345.490 -346.080 -346.130 -346.105 0.59 0.64 0.62 69.91 49.22 47.00 
EDZ123 VGN 6792307.80 1525465.76 -345.370 -345.400 -345.448 -345.424 0.03 0.08 0.05 69.83 50.16 72.00 
EDZ124 VGN 6792307.80 1525465.76 -345.370 -345.480 -345.530 -345.505 0.11 0.16 0.14 70.00 48.94 56.00 
EDZ125 DGN 6792307.80 1525465.76 -345.370 -345.600 -345.650 -345.625 0.23 0.28 0.26 70.08 50.11 67.00 
EDZ126 DGN 6792307.80 1525465.76 -345.370 -345.655 -345.705 -345.680 0.29 0.34 0.31 70.01 49.13 67.00 
EDZ127 DGN 6792307.80 1525465.76 -345.370 -345.710 -345.760 -345.735 0.34 0.39 0.37 69.94 48.92 67.00 
EDZ128 DGN 6792307.80 1525465.76 -345.370 -345.765 -345.815 -345.790 0.40 0.45 0.42 69.85 48.93 65.00 
EDZ129 DGN 6792307.80 1525465.76 -345.370 -345.890 -345.940 -345.915 0.52 0.57 0.55 69.86 49.1 38.00 
EDZ130 DGN 6792307.80 1525465.76 -345.370 -345.945 -345.995 -345.970 0.58 0.63 0.60 69.90 49.35 56.00 
EDZ131 VGN 6792308.80 1525465.76 -345.420 -345.510 -345.560 -345.535 0.09 0.14 0.12 69.28 50.32 58.00 
EDZ132 VGN 6792308.80 1525465.76 -345.420 -345.565 -345.615 -345.590 0.15 0.20 0.17 69.28 49.5 52.00 
EDZ133 VGN 6792308.80 1525465.76 -345.420 -345.665 -345.715 -345.690 0.25 0.30 0.27 69.21 49.31 59.00 
EDZ134 VGN 6792308.80 1525465.76 -345.420 -345.745 -345.795 -345.770 0.33 0.38 0.35 69.24 50.02 62.00 
EDZ135 VGN 6792308.80 1525465.76 -345.420 -345.825 -345.875 -345.850 0.41 0.46 0.43 69.29 49.14 63.00 
EDZ136 VGN 6792308.80 1525465.76 -345.420 -345.950 -346.000 -345.975 0.53 0.58 0.56 69.20 49.05 47.00 
EDZ137 VGN 6792309.82 1525465.76 -345.450 -345.625 -345.675 -345.650 0.18 0.23 0.20 69.30 49.42 56.00 
EDZ138 VGN 6792309.82 1525465.76 -345.450 -345.680 -345.730 -345.705 0.23 0.28 0.26 69.31 49.14 64.00 
 
APPENDIX E: All data by specimen 
 
SPECIMEN ROCK X Y Z_Hole Z_TOP Z_BOT Z D_TOP D_BOT D R H FOL 
  [m] [m] [m] [m] [m] [m] [m] [m] [m] [mm] [mm] [°] 
EDZ139 VGN 6792309.82 1525465.76 -345.450 -345.780 -345.830 -345.805 0.33 0.38 0.36 69.32 49.01 56.00 
EDZ140 VGN 6792309.82 1525465.76 -345.450 -345.960 -346.010 -345.985 0.51 0.56 0.54 69.41 49.25 38.00 
EDZ141 VGN 6792309.82 1525465.76 -345.450 -346.015 -346.065 -346.040 0.57 0.62 0.59 69.44 49.27 39.00 
EDZ142 VGN 6792309.82 1525465.76 -345.450 -346.070 -346.120 -346.095 0.62 0.67 0.65 69.24 49.11 46.00 
EDZ143 PGR 6792310.80 1525465.76 -345.530 -345.650 -345.700 -345.675 0.12 0.17 0.15 69.34 49.12 general 50 
EDZ144 PGR 6792310.80 1525465.76 -345.530 -345.705 -345.755 -345.730 0.18 0.23 0.20 69.12 49.28 50.00 
EDZ145 PGR 6792310.80 1525465.76 -345.530 -345.760 -345.810 -345.785 0.23 0.28 0.26 68.96 49.36 50.00 
EDZ146 PGR 6792310.80 1525465.76 -345.530 -345.815 -345.865 -345.840 0.29 0.34 0.31 68.74 48.4 50.00 
EDZ147 PGR 6792310.80 1525465.76 -345.530 -345.870 -345.920 -345.895 0.34 0.39 0.37 68.44 48.74 50.00 
EDZ148 PGR 6792310.80 1525465.76 -345.530 -346.140 -346.190 -346.165 0.61 0.66 0.64 69.45 49.82 67.00 
EDZ150 PGR 6792311.81 1525465.76 -345.250 -345.490 -345.540 -345.515 0.24 0.29 0.27 69.22 48.76 47.00 
EDZ151 PGR 6792311.81 1525465.76 -345.250 -345.700 -345.750 -345.725 0.45 0.50 0.48 69.37 49.96 45.00 
EDZ152 PGR 6792311.81 1525465.76 -345.250 -345.755 -345.805 -345.780 0.51 0.56 0.53 69.31 49.16 42.00 
EDZ153 PGR 6792311.81 1525465.76 -345.250 -345.810 -345.860 -345.835 0.56 0.61 0.59 69.48 49.1 40.00 
EDZ154 PGR 6792311.81 1525465.76 -345.250 -345.865 -345.915 -345.890 0.62 0.67 0.64 69.50 49.28 46.00 
EDZ165 PGR 6792313.81 1525465.78 -345.400 -345.490 -345.540 -345.515 0.09 0.14 0.12 69.82 48.8 37.00 
EDZ166 PGR 6792313.81 1525465.78 -345.400 -345.545 -345.595 -345.570 0.15 0.20 0.17 69.78 49.52 38.00 
EDZ167 PGR 6792313.81 1525465.78 -345.400 -345.600 -345.650 -345.625 0.20 0.25 0.23 69.77 48.64 40.00 
EDZ168 PGR 6792313.81 1525465.78 -345.400 -345.655 -345.705 -345.680 0.26 0.31 0.28 69.68 49.32 33.00 
EDZ169 PGR 6792313.81 1525465.78 -345.400 -345.710 -345.760 -345.735 0.31 0.36 0.34 69.79 49.38 32.00 
EDZ170 PGR 6792313.81 1525465.78 -345.400 -345.765 -345.815 -345.790 0.37 0.42 0.39 69.87 48.86 ? 
EDZ171 PGR 6792313.81 1525465.78 -345.400 -345.820 -345.870 -345.845 0.42 0.47 0.45 69.85 49.08 ? 
EDZ172 VGN 6792308.81 1525466.76 -345.440 -345.470 -345.520 -345.495 0.03 0.08 0.06 69.46 50.2 43.00 
EDZ173 VGN 6792308.81 1525466.76 -345.440 -345.525 -345.575 -345.550 0.09 0.14 0.11 69.46 50.74 43.00 
EDZ174 VGN 6792308.81 1525466.76 -345.440 -345.580 -345.630 -345.605 0.14 0.19 0.17 69.33 52.02 56.00 
EDZ175 VGN 6792308.81 1525466.76 -345.440 -345.635 -345.685 -345.660 0.20 0.25 0.22 69.45 50.92 50.00 
EDZ176 VGN 6792308.81 1525466.76 -345.440 -345.690 -345.740 -345.715 0.25 0.30 0.28 69.45 51.92 46.00 
EDZ177 VGN 6792308.81 1525466.76 -345.440 -345.745 -345.795 -345.770 0.31 0.36 0.33 69.51 50.48 46.00 
EDZ178 VGN 6792308.81 1525466.76 -345.440 -345.790 -345.850 -345.820 0.35 0.41 0.38 69.47 50.58 45.00 
EDZ179 VGN 6792308.81 1525466.76 -345.440 -345.855 -345.905 -345.880 0.42 0.47 0.44 69.58 50.15 46.00 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK M_GTK M_DRY_GTK M_AIR_GTK M_WAT_GTK V_GTK DEN_GTK DEN POR_GTK POR SUSC REM Q 
  [g] [g] [g] [g] [cm3] [kg/m3] [kg/m3] [%] [%] [10-6SI] [10-3A/m]  
EDZ101 DGN 517.66 516.90 517.90 327.92 190.38 2719.05 2719.05 0.53 0.53 244.15 12.00 1.19 
EDZ102 DGN 515.61 515.00 515.91 330.65 185.64 2777.46 2777.46 0.49 0.49 431.33 16.00 0.90 
EDZ103 DGN 504.54 504.01 504.78 320.91 184.25 2738.38 2738.38 0.42 0.42 325.58 9.00 0.67 
EDZ104 DGN 506.45 506.11 506.60 321.57 185.44 2731.06 2731.06 0.27 0.27 300.66 23.00 1.85 
EDZ105 DGN 501.46 501.06 501.63 317.28 184.78 2713.84 2713.84 0.31 0.31 231.37 48.00 5.02 
EDZ106 DGN 517.94 517.56 518.10 326.74 191.80 2700.47 2700.47 0.28 0.28 202.95 23.00 2.74 
EDZ107 DGN 520.92 520.24 521.46 331.96 189.88 2743.40 2743.40 0.64 0.64 361.76 5.00 0.33 
EDZ116 VGN 510.08 509.70 510.30 321.32 189.38 2693.47 2693.47 0.32 0.32 179.80 17.00 2.29 
EDZ117 VGN 510.81 510.53 510.99 321.49 189.92 2689.64 2689.64 0.24 0.24 166.30 42.00 6.11 
EDZ118 VGN 511.05 510.57 511.28 323.41 188.27 2714.39 2714.39 0.38 0.38 231.79 30.00 3.13 
EDZ119 VGN 525.18 524.73 525.46 336.62 189.24 2775.26 2775.26 0.39 0.39 397.97 31.00 1.89 
EDZ120 VGN 522.43 522.17 522.61 330.26 192.75 2710.35 2710.35 0.23 0.23 212.45 31.00 3.53 
EDZ121 VGN 503.77 503.58 503.95 317.97 186.42 2702.34 2702.34 0.20 0.20 193.86 15.00 1.87 
EDZ122 VGN 512.16 511.96 512.34 323.81 188.94 2710.76 2710.76 0.20 0.20 219.22 12.00 1.33 
EDZ123 VGN 526.44 525.34 526.89 335.15 192.12 2740.12 2740.12 0.81 0.81 332.55 13.00 0.95 
EDZ124 VGN 515.76 515.05 516.17 328.12 188.35 2738.24 2738.24 0.60 0.60 330.03 22.00 1.61 
EDZ125 DGN 522.97 522.40 523.28 330.42 193.27 2705.97 2705.97 0.46 0.46 258.29 27.00 2.53 
EDZ126 DGN 515.53 515.24 515.69 326.96 189.15 2725.57 2725.57 0.24 0.24 271.76 27.00 2.41 
EDZ127 DGN 511.22 510.90 511.38 323.82 187.96 2719.78 2719.78 0.26 0.26 256.61 41.00 3.87 
EDZ128 DGN 513.86 513.36 514.08 326.97 187.48 2740.84 2740.84 0.39 0.39 319.43 19.00 1.44 
EDZ129 DGN 507.27 506.77 507.53 319.71 188.20 2695.32 2695.32 0.41 0.41 217.73 33.00 3.67 
EDZ130 DGN 512.18 511.54 512.58 323.57 189.38 2704.56 2704.56 0.55 0.55 248.04 19.00 1.85 
EDZ131 VGN 518.53 518.26 518.72 329.43 189.71 2733.32 2733.32 0.24 0.24 286.12 16.00 1.35 
EDZ132 VGN 508.79 508.51 508.97 322.80 186.59 2726.77 2726.77 0.25 0.25 252.97 24.00 2.30 
EDZ133 VGN 499.57 499.05 499.84 314.74 185.48 2693.42 2693.42 0.43 0.43 205.99 17.00 2.00 
EDZ134 VGN 514.77 514.29 515.11 327.18 188.33 2733.28 2733.28 0.44 0.44 316.91 19.00 1.45 
EDZ135 VGN 511.56 511.20 511.81 326.90 185.30 2760.75 2760.75 0.33 0.33 392.33 20.00 1.23 
EDZ136 VGN 510.14 509.95 510.28 326.22 184.46 2765.65 2765.65 0.18 0.18 401.34 9.00 0.54 
EDZ137 VGN 511.79 511.26 512.07 326.06 186.38 2745.95 2745.95 0.44 0.44 345.09 20.00 1.40 
EDZ138 VGN 513.70 513.43 513.88 328.86 185.39 2770.95 2770.95 0.24 0.24 383.60 22.00 1.39 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK M_GTK M_DRY_GTK M_AIR_GTK M_WAT_GTK V_GTK DEN_GTK DEN POR_GTK POR SUSC REM Q 
  [g] [g] [g] [g] [cm3] [kg/m3] [kg/m3] [%] [%] [10-6SI] [10-3A/m]  
EDZ139 VGN 505.37 505.13 505.53 320.94 184.98 2732.07 2732.07 0.22 0.22 295.67 15.00 1.23 
EDZ140 VGN 507.47 507.05 507.68 321.72 186.35 2723.21 2723.21 0.34 0.34 272.20 23.00 2.05 
EDZ141 VGN 509.28 508.80 509.63 323.41 186.57 2729.69 2729.69 0.45 0.45 305.40 31.00 2.46 
EDZ142 VGN 500.57 500.24 501.25 316.66 184.94 2706.71 2706.71 0.55 0.55 248.57 24.00 2.34 
EDZ143 PGR 486.80 486.53 487.19 302.11 185.48 2624.57 2624.57 0.36 0.36 39.44 20.00 12.28 
EDZ144 PGR 480.72 480.45 481.20 296.64 184.91 2599.80 2599.80 0.41 0.41 13.75 23.00 40.51 
EDZ145 PGR 481.24 480.99 481.65 297.66 184.37 2610.25 2610.25 0.36 0.36 40.74 22.00 13.08 
EDZ146 PGR 474.43 474.20 474.69 295.47 179.62 2641.37 2641.37 0.27 0.27 58.25 8.00 3.33 
EDZ147 PGR 470.95 470.74 471.32 292.36 179.29 2626.69 2626.69 0.32 0.32 66.00 21.00 7.70 
EDZ148 PGR 512.24 511.93 512.88 324.48 188.73 2714.21 2714.21 0.50 0.50 258.85 18.00 1.68 
EDZ150 PGR 482.64 482.46 483.15 299.98 183.50 2630.14 2630.14 0.38 0.38 103.14 17.00 3.99 
EDZ151 PGR 507.95 507.72 508.20 319.76 188.83 2690.05 2690.05 0.26 0.26 203.19 23.00 2.74 
EDZ152 PGR 488.59 488.34 488.93 303.86 185.45 2634.65 2634.65 0.32 0.32 46.95 7.00 3.61 
EDZ153 PGR 490.16 489.75 490.49 304.74 186.15 2633.15 2633.15 0.40 0.40 25.35 18.00 17.19 
EDZ154 PGR 494.07 493.86 494.35 307.75 186.95 2642.77 2642.77 0.26 0.26 7.35 23.00 75.72 
EDZ165 PGR 490.52 490.30 490.88 304.35 186.83 2625.47 2625.47 0.31 0.31 36.00 12.00 8.07 
EDZ166 PGR 499.05 498.80 499.32 310.29 189.39 2635.09 2635.09 0.28 0.28 49.00 20.00 9.88 
EDZ167 PGR 489.21 488.97 489.46 303.86 185.95 2630.88 2630.88 0.26 0.26 58.48 10.00 4.14 
EDZ168 PGR 494.71 494.50 494.95 307.29 188.04 2630.83 2630.83 0.24 0.24 41.00 24.00 14.17 
EDZ169 PGR 497.30 497.10 497.57 309.04 188.88 2632.95 2632.95 0.25 0.25 49.00 22.00 10.87 
EDZ170 PGR 494.92 494.47 495.24 308.25 187.34 2641.80 2641.80 0.41 0.41 74.00 19.00 6.22 
EDZ171 PGR 495.24 494.78 495.59 307.89 188.09 2632.94 2632.94 0.43 0.43 43.00 20.00 11.26 
EDZ172 VGN 514.96 514.67 515.08 325.25 190.23 2707.06 2707.06 0.22 0.22 217.00 10.00 1.12 
EDZ173 VGN 528.08 527.79 528.23 336.35 192.27 2746.51 2746.51 0.23 0.23 327.00 24.00 1.78 
EDZ174 VGN 541.20 540.88 541.38 345.43 196.37 2755.99 2755.99 0.26 0.26 367.00 15.00 0.99 
EDZ175 VGN 527.91 527.68 528.06 335.60 192.87 2737.07 2737.07 0.20 0.20 302.00 25.00 2.00 
EDZ176 VGN 538.54 538.31 538.67 342.38 196.68 2738.12 2738.12 0.18 0.18 326.50 37.00 2.74 
EDZ177 VGN 526.24 525.99 526.38 335.20 191.57 2746.97 2746.97 0.20 0.20 371.37 4.00 0.26 
EDZ178 VGN 523.71 523.46 523.85 332.55 191.70 2731.90 2731.90 0.20 0.20 316.06 16.00 1.23 
EDZ179 VGN 519.49 519.21 519.66 329.37 190.70 2724.13 2724.13 0.24 0.24 279.69 11.00 0.95 
 
 
 
APPENDIX E: All data by specimen 
 
 
 
 
SPECIMEN ROCK R01 R10 R500 PL PT PERM RAD P_GTK AI_GTK M_GTK 
  [ohmm] [ohmm] [ohmm] [%] [%]  [m/µs] [m/s] [MPa*s / m] [GPa] 
EDZ101 DGN 9620.00 9010.00 8270.00 6.34 14.03   5477.00 14.89 81.56 
EDZ102 DGN 13400.00 12100.00 10600.00 9.70 20.90   5588.00 15.52 86.73 
EDZ103 DGN 10900.00 10100.00 9160.00 7.34 15.96   5549.00 15.20 84.32 
EDZ104 DGN 36300.00 33700.00 28000.00 7.16 22.87   5864.00 16.01 93.91 
EDZ105 DGN 25300.00 22800.00 19800.00 9.88 21.74   5931.00 16.10 95.46 
EDZ106 DGN 16700.00 15100.00 13100.00 9.58 21.56   5769.00 15.58 89.88 
EDZ107 DGN 15300.00 12800.00 10700.00 16.34 30.07   5529.00 15.17 83.87 
EDZ116 VGN 11900.00 11500.00 10700.00 3.36 10.08 5.81 124.43 5673.00 15.28 86.68 
EDZ117 VGN 10600.00 10800.00 10100.00 0.00 4.72 5.61 126.53 5610.00 15.09 84.65 
EDZ118 VGN 11700.00 11300.00 10400.00 3.42 11.11 6.04 122.02 5563.00 15.10 84.00 
EDZ119 VGN 18300.00 17000.00 15200.00 7.10 16.94 6.16 120.79 5491.00 15.24 83.68 
EDZ120 VGN 16500.00 16300.00 15300.00 1.21 7.27 5.68 125.81 5809.00 15.74 91.46 
EDZ121 VGN 20800.00 20100.00 18800.00 3.37 9.62 5.66 126.03 5862.00 15.84 92.86 
EDZ122 VGN 16500.00 15900.00 14700.00 3.64 10.91 5.74 125.13 5847.00 15.85 92.67 
EDZ123 VGN 11900.00 11200.00 10200.00 5.88 14.29 6.30 119.44 5500.00 15.07 82.89 
EDZ124 VGN 18200.00 16700.00 14500.00 8.24 20.33 6.44 118.10 5854.00 16.03 93.84 
EDZ125 DGN 17500.00 17100.00 15800.00 2.29 9.71 5.88 123.63 5688.00 15.39 87.55 
EDZ126 DGN 28900.00 27000.00 23900.00 6.57 17.30 5.64 126.25 5628.00 15.34 86.33 
EDZ127 DGN 21500.00 20700.00 18900.00 3.72 12.09 5.73 125.20 5796.00 15.76 91.37 
EDZ128 DGN 23700.00 22700.00 20300.00 4.22 14.35 5.67 125.90 5541.00 15.19 84.15 
EDZ129 DGN 21400.00 19300.00 16800.00 9.81 21.50 6.39 118.60 5670.00 15.28 86.65 
EDZ130 DGN 14700.00 13500.00 12200.00 8.16 17.01 5.91 123.37 5705.00 15.43 88.03 
EDZ131 VGN 34600.00 31300.00 27300.00 9.54 21.10 6.17 120.74 5851.00 15.99 93.57 
EDZ132 VGN 21500.00 20100.00 18400.00 6.51 14.42 6.35 119.02 5691.00 15.52 88.31 
EDZ133 VGN 7860.00 7470.00 6830.00 4.96 13.10 6.61 116.61 5616.00 15.13 84.95 
EDZ134 VGN 17700.00 15200.00 12600.00 14.12 28.81 7.01 113.27 5948.00 16.26 96.70 
EDZ135 VGN 34000.00 30900.00 25400.00 9.12 25.29 6.63 116.43 5688.00 15.70 89.32 
EDZ136 VGN 80300.00 68600.00 50400.00 14.57 37.24 6.78 115.18 5819.00 16.09 93.65 
EDZ137 VGN 14100.00 12300.00 10400.00 12.77 26.24 6.74 115.52 5920.00 16.26 96.24 
EDZ138 VGN 38700.00 32500.00 25900.00 16.02 33.07 6.49 117.68 5616.00 15.56 87.39 
APPENDIX E: All data by specimen 
SPECIMEN ROCK R01 R10 R500 PL PT PERM RAD P_GTK AI_GTK M_GTK 
  [ohmm] [ohmm] [ohmm] [%] [%]  [m/µs] [m/s] [MPa*s / m] [GPa] 
EDZ139 VGN 27900.00 25500.00 21700.00 8.60 22.22 6.29 119.54 5766.00 15.75 90.83 
EDZ140 VGN 13500.00 12500.00 11200.00 7.41 17.04 5.96 122.85 5863.00 15.97 93.61 
EDZ141 VGN 8540.00 7810.00 7080.00 8.55 17.10 6.40 118.50 5676.00 15.49 87.94 
EDZ142 VGN 7190.00 6990.00 6640.00 2.78 7.65 6.26 119.87 5562.00 15.05 83.73 
EDZ143 PGR 5330.00 5380.00 5260.00 0.00 1.31 5.51 127.77 5779.00 15.17 87.65 
EDZ144 PGR 5050.00 5190.00 5140.00 0.00 0.00 5.32 129.98 5833.00 15.16 88.46 
EDZ145 PGR 6010.00 6450.00 6340.00 0.00 0.00 5.28 130.47 5954.00 15.54 92.53 
EDZ146 PGR 14600.00 14300.00 13700.00 2.05 6.16 5.81 124.37 6198.00 16.37 101.47 
EDZ147 PGR 9850.00 9470.00 9060.00 3.86 8.02 5.71 125.45 6262.00 16.45 103.00 
EDZ148 PGR 5530.00 5340.00 5110.00 3.44 7.59 6.45 118.03 5463.00 14.83 81.00 
EDZ150 PGR 5530.00 5410.00 5280.00 2.17 4.52 5.78 124.69 6073.00 15.97 97.00 
EDZ151 PGR 9550.00 9350.00 8950.00 2.09 6.28 6.08 121.59 5816.00 15.65 90.99 
EDZ152 PGR 8100.00 7990.00 7740.00 1.36 4.44 5.59 126.79 5902.00 15.55 91.77 
EDZ153 PGR 5920.00 5740.00 5480.00 3.04 7.43 5.61 126.55 5574.00 14.68 81.81 
EDZ154 PGR 7370.00 7240.00 7000.00 1.76 5.02 5.22 131.22 5543.00 14.65 81.20 
EDZ165 PGR 4780.00 4640.00 4500.00 2.93 5.86 5.56 127.13 5865.00 15.40 90.31 
EDZ166 PGR 6260.00 6150.00 5960.00 1.76 4.79 5.48 128.11 5834.00 15.37 89.69 
EDZ167 PGR 6890.00 6740.00 6530.00 2.18 5.22 5.38 129.24 5926.00 15.59 92.39 
EDZ168 PGR 6680.00 6510.00 6310.00 2.54 5.54 5.42 128.74 5943.00 15.63 92.92 
EDZ169 PGR 7060.00 6950.00 6740.00 1.56 4.53 5.40 129.00 5921.00 15.59 92.31 
EDZ170 PGR 9900.00 9500.00 8910.00 4.04 10.00 5.75 125.07 5915.00 15.63 92.43 
EDZ171 PGR 7750.00 7620.00 7360.00 1.68 5.03 5.53 127.54 5972.00 15.72 93.90 
EDZ172 VGN 16400.00 15300.00 13800.00 6.71 15.85 5.99 122.53 5791.00 15.68 90.78 
EDZ173 VGN 24000.00 21800.00 18500.00 9.17 22.92 6.31 119.38 5805.00 15.94 92.55 
EDZ174 VGN 36300.00 31500.00 25800.00 13.22 28.93 6.38 118.74 5825.00 16.05 93.51 
EDZ175 VGN 38700.00 34300.00 28900.00 11.37 25.32 5.85 123.93 5935.00 16.24 96.41 
EDZ176 VGN 34600.00 32500.00 28600.00 6.07 17.34 6.09 121.52 5855.00 16.03 93.87 
EDZ177 VGN 39500.00 37100.00 32200.00 6.08 18.48 6.23 120.13 5982.00 16.43 98.30 
EDZ178 VGN 38400.00 35500.00 31000.00 7.55 19.27 6.10 121.36 6030.00 16.47 99.33 
EDZ179 VGN 24600.00 22700.00 20100.00 7.72 18.29 6.14 120.98 5686.00 15.49 88.07 
 
 
 
APPENDIX E: All data by specimen 
Table E.3: All measured and calculated data for Set 2a. 
SPECIMEN ROCK X Y Z_Hole Z_TOP Z_BOT Z D_TOP D_BOT D H FOL M_GTK M_DRY_GTK 
  [m] [m] [m] [m] [m] [m] [m] [m] [m] [mm] [°] [g] [g] 
EDZ KM1 BR VGN 6792307.06 1525465.56 -345.495 -346.345 -346.375 -346.360 0.85 0.88 0.87 29.10 65.00 471.49 471.21 
EDZ KM2 BR VGN 6792307.06 1525465.56 -345.495 -346.905 -346.935 -346.920 1.41 1.44 1.43 32.20 84.00 474.17 473.85 
EDZ KM3 BR VGN 6792307.49 1525465.59 -345.407 -345.887 -345.917 -345.902 0.48 0.51 0.50 32.20 90.00 468.95 468.63 
EDZ KM4 BR VGN 6792307.49 1525465.59 -345.407 -345.407 -345.407 -346.287   0.88  84.00 480.92 480.60 
EDZ KM5 BR VGN 6792307.49 1525465.59 -345.407 -346.617 -346.647 -346.632 1.21 1.24 1.23 31.30 88.00 466.33 465.98 
EDZ KM6 BR VGN 6792308.18 1525465.57 -345.464 -346.234 -346.264 -346.249 0.77 0.80 0.79 30.00 89.00 457.87 457.66 
EDZ KM7 BR VGN 6792308.52 1525465.59 -345.419 -346.249 -346.279 -346.264 0.83 0.86 0.85 32.50 80.00 477.37 477.17 
EDZ KM8 BR VGN 6792308.52 1525465.59 -345.419 -346.559 -346.589 -346.574 1.14 1.17 1.16 31.00 88.00 473.68 473.42 
EDZ KM9 BR VGN 6792306.58 1525465.57 -345.522 -346.572 -346.602 -346.587 1.05 1.08 1.07 32.60 87.00 474.88 474.55 
EDZ KM10 BR VGN 6792306.58 1525465.57 -345.522 -347.262 -347.292 -347.277 1.74 1.77 1.76 30.90 90.00 478.60 478.37 
EDZ KM11 BR VGN 6792308.55 1525465.38 -345.386 -345.906 -345.936 -345.921 0.52 0.55 0.54 32.50 3.00 481.55 481.21 
EDZ KM12 BR VGN 6792307.50 1525465.38 -345.418 -346.998 -347.028 -347.013 1.58 1.61 1.60 30.80 10.00 504.36 503.63 
EDZ KM13 BR VGN 6792306.49 1525465.38 -345.527 -346.467 -346.497 -346.482 0.94 0.97 0.96 33.60 0, uncertain 519.54 519.00 
EDZ KM14 BR VGN 6792309.04 1525465.35 -345.496 -346.206 -346.236 -346.221 0.71 0.74 0.73 33.50 3.00 528.17 527.89 
EDZ KM15 BR VGN 6792309.04 1525465.35 -345.496 -346.786 -346.816 -346.801 1.29 1.32 1.31 32.60 8.00 514.37 514.07 
EDZ KM16 BR VGN 6792309.04 1525465.35 -345.496 -347.116 -347.146 -347.131 1.62 1.65 1.64 32.30 8.00 513.72 513.30 
EDZ KM17 BR VGN 6792309.57 1525465.34 -345.522 -346.602 -346.632 -346.617 1.08 1.11 1.10 31.40 6.00 506.02 505.73 
EDZ KM18 BR VGN 6792309.57 1525465.34 -345.522 -345.782 -345.812 -345.797 0.26 0.29 0.28 31.40 7.00 505.62 505.23 
EDZ KM19 BR VGN 6792309.57 1525465.34 -345.522 -346.992 -347.022 -347.007 1.47 1.50 1.49 32.30 0.00 504.48 504.09 
EDZ KM20 BR VGN 6792306.97 1525465.38 -345.509 -346.819 -346.849 -346.834 1.31 1.34 1.33 31.80 13.00 514.76 514.23 
EDZ KM21 BR PGR 6792312.09 1525465.56 -345.301 -345.571 -345.601 -345.586 0.27 0.30 0.29 32.70 30.00 495.18 494.66 
EDZ KM22 BR PGR 6792312.09 1525465.56 -345.301 -345.871 -345.901 -345.886 0.57 0.60 0.59 32.90 58.00 497.98 497.50 
EDZ KM23 BR PGR 6792312.59 1525465.58 -345.336 -346.146 -346.176 -346.161 0.81 0.84 0.83 32.80 48.00 499.16 498.67 
EDZ KM24 BR PGR 6792312.59 1525465.58 -345.336 -346.466 -346.496 -346.481 1.13 1.16 1.15 33.20 quite perpend. 503.57 503.06 
EDZ KM25 BR PGR 6792312.10 1525465.36 -345.312 -346.642 -346.672 -346.657 1.33 1.36 1.35 33.00 70.00 502.45 502.12 
EDZ KM26 BR PGR 6792312.10 1525465.36 -345.312 -346.252 -346.282 -346.267 0.94 0.97 0.96 33.30 59.00 504.25 503.93 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN M_AIR_GTK M_WAT_GTK M_DRY_SP M_AIR_SP M_WAT_SP V_GTK V_SP DEN_GTK DEN_SP DEN_SP_EQ DEN POR_GTK POR_SP POR 
 [g] [g] [g] [g] [g] [cm3] [cm3] [kg/m3] [kg/m3] [kg/m3] [kg/m3] [%] [%] [%] 
EDZ KM1 BR 471.63 299.46 471.24 471.72 296.62 172.57 175.45 2732.18 2735.05 2688.62 2710.40 0.24 0.38 0.31 
EDZ KM2 BR 474.35 302.76 473.88 474.47 298.53 171.99 176.29 2757.00 2761.96 2691.38 2724.19 0.29 0.41 0.35 
EDZ KM3 BR 469.09 297.92 468.65 469.15 293.38 171.58 176.12 2733.18 2768.17 2663.77 2698.48 0.27 0.38 0.32 
EDZ KM4 BR 481.08 309.05 480.64 481.16 306.79 172.43 174.72 2789.09 2753.90 2753.90 2771.50 0.28 0.30 0.29 
EDZ KM5 BR 466.47 295.88 466.03 466.54 293.82 170.98 173.07 2727.47 2731.22 2695.73 2711.60 0.29 0.48 0.38 
EDZ KM6 BR 457.97 294.02 457.67 457.99 292.00 164.33 166.32 2786.30 2808.53 2753.62 2769.96 0.19 0.30 0.24 
EDZ KM7 BR 477.49 302.31 477.20 477.61 296.80 175.58 181.17 2718.87 2717.86 2636.22 2677.54 0.18 0.25 0.22 
EDZ KM8 BR 473.80 302.69 473.47 473.92 297.60 171.51 176.67 2761.87 2749.51 2682.46 2722.17 0.22 0.34 0.28 
EDZ KM9 BR 474.99 301.66 474.57 475.11 296.64 173.73 178.83 2733.40 2729.80 2656.80 2695.10 0.25 0.42 0.34 
EDZ KM10 BR 478.69 304.90 478.38 478.80 303.28 174.20 175.87 2747.36 2759.45 2722.44 2734.90 0.18 0.36 0.27 
EDZ KM11 BR 481.69 305.74 481.23 481.78 303.60 176.38 178.54 2730.21 2729.26 2698.49 2714.35 0.27 0.39 0.33 
EDZ KM12 BR 504.68 323.27 503.74 504.76 321.20 181.77 183.93 2774.69 2766.66 2744.34 2759.51 0.58 0.67 0.63 
EDZ KM13 BR 519.73 329.79 519.06 519.80 326.20 190.37 193.99 2729.07 2723.08 2679.55 2704.31 0.38 0.46 0.42 
EDZ KM14 BR 528.26 337.59 527.93 528.42 331.89 191.11 196.92 2763.63 2762.93 2683.37 2723.50 0.19 0.34 0.26 
EDZ KM15 BR 514.49 325.50 514.09 514.62 320.24 189.43 194.77 2715.35 2702.20 2642.20 2678.78 0.22 0.40 0.31 
EDZ KM16 BR 513.91 325.73 513.30 514.02 324.73 188.58 189.67 2724.17 2721.93 2710.08 2717.13 0.32 0.46 0.39 
EDZ KM17 BR 506.13 320.37 505.77 506.22 317.48 186.21 189.12 2717.43 2716.17 2676.74 2697.09 0.22 0.28 0.25 
EDZ KM18 BR 505.78 320.91 505.28 505.89 318.57 185.28 187.70 2728.95 2706.46 2695.27 2712.11 0.30 0.42 0.36 
EDZ KM19 BR 504.69 317.76 504.11 504.81 312.75 187.33 192.44 2693.07 2690.44 2623.14 2658.11 0.32 0.48 0.40 
EDZ KM20 BR 515.02 328.06 514.24 515.06 321.52 187.35 193.93 2747.65 2749.11 2655.94 2701.80 0.42 0.55 0.49 
EDZ KM21 BR 495.47 307.30 494.58 495.26 302.53 188.59 193.12 2625.72 2626.58 2564.57 2595.14 0.43 0.41 0.42 
EDZ KM22 BR 498.32 309.17 497.45 498.23 306.68 189.57 191.93 2626.88 2626.88 2595.84 2611.36 0.43 0.46 0.45 
EDZ KM23 BR 499.48 310.14 498.65 499.44 308.26 189.75 191.56 2630.60 2623.78 2607.18 2618.89 0.43 0.44 0.43 
EDZ KM24 BR 503.85 312.34 503.00 503.71 309.33 191.94 194.77 2623.63 2617.87 2586.18 2604.91 0.41 0.47 0.44 
EDZ KM25 BR 502.69 312.15 502.06 502.64 310.07 190.96 192.96 2631.12 2628.02 2604.95 2618.04 0.30 0.36 0.33 
EDZ KM26 BR 504.49 313.84 503.93 504.50 318.01 191.05 186.86 2639.30 2642.72 2699.83 2669.57 0.29 0.41 0.35 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN SUSC REM Q R01 R10 R500 PL PT PERM RAD P_GTK AI_GTK M_GTK TEN 
 [10-6SI] [10-3A/m]  [ohmm] [ohmm] [ohmm] [%] [%]  [m/µs] [m/s] [MPa*s / m] [GPa] [MPa] 
EDZ KM1 BR 250.55 22.06 2.1314908 21600.00 19800.00 17700.00 8.33 18.06 5.59 126.76 5620.00 15.23 85.61 9.20 
EDZ KM2 BR 386.56 27.47 1.7207095 101000.00 78500.00 55000.00 22.28 45.54 5.98 122.57 5672.00 15.45 87.64 13.00 
EDZ KM3 BR 279.78 11.75 1.0166811 19400.00 17600.00 15600.00 9.28 19.59 5.49 127.95 5605.00 15.12 84.78 11.40 
EDZ KM4 BR 376.86 28.07 1.8032859 12200.00 11300.00 10500.00 7.38 13.93   5566.00 15.43 85.86  
EDZ KM5 BR 283.89 30.62 2.6112218 23700.00 21600.00 18200.00 8.86 23.21 5.41 128.93 5551.00 15.05 83.55 10.90 
EDZ KM6 BR 402.55 12.14 0.7301759 100000.00 87600.00 63000.00 12.40 37.00 5.53 127.48 5519.00 15.29 84.37 15.30 
EDZ KM7 BR 217.47 5.06 0.562807 13700.00 13000.00 12000.00 5.11 12.41 5.56 127.11 5513.00 14.76 81.38 11.00 
EDZ KM8 BR 353.77 61.63 4.2179326 41300.00 36500.00 29600.00 11.62 28.33 5.93 123.14 5504.00 14.98 82.47 13.30 
EDZ KM9 BR 330.23 34.66 2.5410277 42500.00 37300.00 30600.00 12.24 28.00 5.63 126.36 5710.00 15.39 87.87 9.30 
EDZ KM10 BR 321.19 4.29 0.3236954 49000.00 41500.00 31400.00 15.31 35.92 6.22 120.24 5723.00 15.65 89.58 10.20 
EDZ KM11 BR 309.98 22.07 1.7237675 8990.00 8230.00 7190.00 8.45 20.02 6.33 119.12 5844.00 15.86 92.70 8.80 
EDZ KM12 BR 431.47 5.07 0.2846154 5620.00 5050.00 4480.00 10.14 20.28 6.46 117.98 5562.00 15.35 85.37 6.80 
EDZ KM13 BR 291.44 33.09 2.7487217 10700.00 9930.00 9000.00 7.20 15.89 5.62 126.47 5934.00 16.05 95.23 7.80 
EDZ KM14 BR 422.40 14.57 0.8350983 45200.00 37500.00 28600.00 17.04 36.73 6.59 116.82 6021.00 16.40 98.73 8.60 
EDZ KM15 BR 261.53 17.51 1.6214001 25200.00 22800.00 19400.00 9.52 23.02 5.46 128.30 5958.00 15.96 95.09 8.80 
EDZ KM16 BR 269.55 24.02 2.1577821 10500.00 9490.00 8630.00 9.62 17.81 5.71 125.48 6076.00 16.51 100.31 7.30 
EDZ KM17 BR 230.32 17.95 1.8870001 14800.00 13900.00 12800.00 6.08 13.51 5.41 128.85 5829.00 15.72 91.64 10.20 
EDZ KM18 BR 285.25 29.99 2.5451547 13900.00 12400.00 10900.00 10.79 21.58 5.49 127.94 6099.00 16.54 100.88 7.60 
EDZ KM19 BR 203.71 34.32 4.0791026 6920.00 6460.00 6140.00 6.65 11.27 5.64 126.26 5800.00 15.42 89.42 6.60 
EDZ KM20 BR 349.15 11.76 0.8152152 6680.00 6350.00 5970.00 4.94 10.63 5.83 124.12 5689.00 15.37 87.44 10.30 
EDZ KM21 BR 23.21 23.62 24.635454 8890.00 8540.00 8210.00 3.94 7.65 5.33 129.80 5993.00 15.55 93.21 8.70 
EDZ KM22 BR 31.61 12.34 9.4510301 7190.00 6970.00 6720.00 3.06 6.54 5.43 128.60 5920.00 15.46 91.52 11.10 
EDZ KM23 BR 46.63 12.28 6.3771401 8430.00 8040.00 7630.00 4.63 9.49 5.35 129.64 5801.00 15.19 88.13 10.20 
EDZ KM24 BR 19.74 24.34 29.862831 9790.00 9300.00 8910.00 5.01 8.99 5.28 130.42 5764.00 15.01 86.54 7.80 
EDZ KM25 BR 41.64 16.69 9.7030345 7280.00 7020.00 6750.00 3.57 7.28 5.26 130.75 5823.00 15.24 88.77 13.40 
EDZ KM26 BR 46.37 19.74 10.3065 6870.00 6650.00 6430.00 3.20 6.40 5.24 131.02 5837.00 15.58 90.95 11.80 
 
 
 
 
 
APPENDIX E: All data by specimen 
Table E.4: All measured and calculated data for Set 2b. 
SPECIMEN ROCK X Y Z_Hole Z_TOP Z_BOT Z D_TOP D_BOT D R H 
  [m] [m] [m] [m] [m] [m] [m] [m] [m] [mm] [mm] 
EDZ KM1 UCS VGN 6792307.06 1525465.56 -345.495 -346.385 -346.555 -346.470 0.89 1.06 0.98 66.36 169.10 
EDZ KM2 UCS VGN 6792307.06 1525465.56 -345.495 -346.935 -347.105 -347.020 1.44 1.61 1.53 66.43 169.10 
EDZ KM3 UCS VGN 6792307.49 1525465.59 -345.407 -345.617 -345.787 -345.702 0.21 0.38 0.30 66.36 168.50 
EDZ KM4 UCS VGN 6792307.49 1525465.59 -345.407 -346.427 -346.597 -346.512 1.02 1.19 1.11 66.66 169.60 
EDZ KM5 UCS VGN 6792307.49 1525465.59 -345.407 -346.667 -346.837 -346.752 1.26 1.43 1.35 66.72 168.80 
EDZ KM6 UCS VGN 6792308.18 1525465.57 -345.464 -346.004 -346.174 -346.089 0.54 0.71 0.63 66.68 168.80 
EDZ KM7 UCS VGN 6792308.52 1525465.59 -345.419 -346.029 -346.199 -346.114 0.61 0.78 0.70 66.64 169.10 
EDZ KM8 UCS VGN 6792308.52 1525465.59 -345.419 -346.739 -346.909 -346.824 1.32 1.49 1.41 66.66 168.80 
EDZ KM9 UCS VGN 6792306.58 1525465.57 -345.522 -346.362 -346.532 -346.447 0.84 1.01 0.93 66.66 167.80 
EDZ KM10 UCS VGN 6792306.58 1525465.57 -345.522 -347.072 -347.242 -347.157 1.55 1.72 1.64 66.67 167.80 
EDZ KM11 UCS VGN 6792308.55 1525465.38 -345.386 -345.706 -345.876 -345.791 0.32 0.49 0.41 66.60 167.70 
EDZ KM12 UCS VGN 6792307.50 1525465.38 -345.418 -346.818 -346.988 -346.903 1.40 1.57 1.49 69.30 167.80 
EDZ KM13 UCS VGN 6792306.49 1525465.38 -345.527 -346.297 -346.467 -346.382 0.77 0.94 0.86 68.97 168.70 
EDZ KM14 UCS VGN 6792309.04 1525465.35 -345.496 -346.316 -346.486 -346.401 0.82 0.99 0.91 69.08 168.10 
EDZ KM15 UCS VGN 6792309.04 1525465.35 -345.496 -346.486 -346.656 -346.571 0.99 1.16 1.08 69.10 168.20 
EDZ KM16 UCS VGN 6792309.04 1525465.35 -345.496 -346.946 -347.116 -347.031 1.45 1.62 1.54 69.04 168.60 
EDZ KM17 UCS VGN 6792309.57 1525465.34 -345.522 -346.322 -346.492 -346.407 0.80 0.97 0.89 69.17 168.80 
EDZ KM18 UCS VGN 6792309.57 1525465.34 -345.522 -346.052 -346.222 -346.137 0.53 0.70 0.62 69.16 168.00 
EDZ KM19 UCS VGN 6792309.57 1525465.34 -345.522 -346.822 -346.992 -346.907 1.30 1.47 1.39 69.20 172.00 
EDZ KM20 UCS VGN 6792306.97 1525465.38 -345.509 -346.649 -346.819 -346.734 1.14 1.31 1.23 69.19 168.50 
EDZ KM21 UCS PGR 6792312.09 1525465.56 -345.301 -345.401 -345.571 -345.486 0.10 0.27 0.19 69.18 172.00 
EDZ KM22 UCS PGR 6792312.09 1525465.56 -345.301 -345.701 -345.871 -345.786 0.40 0.57 0.49 68.99 168.90 
EDZ KM23 UCS PGR 6792312.59 1525465.58 -345.336 -345.976 -346.146 -346.061 0.64 0.81 0.73 69.27 168.80 
EDZ KM24 UCS PGR 6792312.59 1525465.58 -345.336 -346.296 -346.466 -346.381 0.96 1.13 1.05 69.31 168.00 
EDZ KM25 UCS PGR 6792312.10 1525465.36 -345.312 -346.672 -346.842 -346.757 1.36 1.53 1.45 69.10 168.90 
EDZ KM26 UCS PGR 6792312.10 1525465.36 -345.312 -346.342 -346.512 -346.427 1.03 1.20 1.12 69.06 168.90 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK M_DRY_SP V_SP DEN_SP DEN_SP_EQ DEN POR_SP POR PERM RAD 
  [g] [cm3] [kg/m3] [kg/m3] [kg/m3] [%] [%]  [m/µs] 
EDZ KM1 UCS VGN 1607.98 584.78 2749.72 2752.68 2752.68 0.30 0.30 6.52 117.42 
EDZ KM2 UCS VGN 1611.30 586.11 2749.13 2751.73 2751.73 0.26 0.26 7.73 107.81 
EDZ KM3 UCS VGN 1584.07 582.72 2718.43 2721.76 2721.76 0.33 0.33 6.28 119.68 
EDZ KM4 UCS VGN 1617.66 591.95 2732.75 2735.23 2735.23 0.25 0.25 5.63 126.30 
EDZ KM5 UCS VGN 1624.46 590.13 2752.71 2755.68 2755.68 0.30 0.30 5.43 128.70 
EDZ KM6 UCS VGN 1621.87 589.40 2751.74 2754.52 2754.52 0.28 0.28 6.35 118.94 
EDZ KM7 UCS VGN 1623.32 589.86 2752.04 2754.62 2754.62 0.26 0.26 6.44 118.15 
EDZ KM8 UCS VGN 1602.01 589.15 2719.20 2726.85 2726.85 0.77 0.77 6.24 120.05 
EDZ KM9 UCS VGN 1594.50 585.57 2722.98 2726.28 2726.28 0.33 0.33 5.85 123.98 
EDZ KM10 UCS VGN 1611.18 585.74 2750.67 2752.94 2752.94 0.23 0.23 6.04 122.03 
EDZ KM11 UCS VGN 1598.13 584.15 2735.83 2738.40 2738.40 0.26 0.26 7.08 112.69 
EDZ KM12 UCS VGN 1734.64 632.86 2740.97 2747.39 2747.39 0.64 0.64 7.66 108.29 
EDZ KM13 UCS VGN 1732.47 630.28 2748.73 2752.55 2752.55 0.38 0.38 6.26 119.78 
EDZ KM14 UCS VGN 1746.94 630.05 2772.70 2775.24 2775.24 0.25 0.25 7.48 109.60 
EDZ KM15 UCS VGN 1754.62 630.78 2781.66 2784.23 2784.23 0.26 0.26 7.10 112.53 
EDZ KM16 UCS VGN 1731.63 631.12 2743.73 2746.44 2746.44 0.27 0.27 5.96 122.84 
EDZ KM17 UCS VGN 1738.31 634.28 2740.61 2743.09 2743.09 0.25 0.25 5.49 127.98 
EDZ KM18 UCS VGN 1717.97 631.09 2722.22 2724.45 2724.45 0.22 0.22 6.35 118.93 
EDZ KM19 UCS VGN 1762.08 646.92 2723.78 2726.58 2726.58 0.28 0.28 5.46 128.33 
EDZ KM20 UCS VGN 1723.69 633.60 2720.48 2724.90 2724.90 0.44 0.44 6.33 119.19 
EDZ KM21 UCS PGR 1696.91 646.46 2624.91 2628.58 2628.58 0.37 0.37 5.34 129.70 
EDZ KM22 UCS PGR 1662.30 631.30 2633.13 2637.25 2637.25 0.41 0.41 5.26 130.71 
EDZ KM23 UCS PGR 1673.07 636.10 2630.19 2633.46 2633.46 0.33 0.33 5.18 131.69 
EDZ KM24 UCS PGR 1660.21 633.83 2619.34 2622.75 2622.75 0.34 0.34 5.44 128.51 
EDZ KM25 UCS PGR 1664.23 633.41 2627.43 2630.39 2630.39 0.30 0.30 5.00 134.02 
EDZ KM26 UCS PGR 1656.45 632.65 2618.29 2622.31 2622.31 0.40 0.40 5.17 131.82 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK P_0_AX P_0_AC P_0_BD P_2_AX P_2_AC P_2_BD P_5_AX P_5_AC P_5_BD P_10_AX P_10_AC P_10_BD P_15_AX P_15_AC P_15_BD P_20_AX P_20_AC P_20_BD 
  [m/s] 
EDZ KM1 UCS VGN 5459 6263 5450 5561 6257 5503 5599 6288 5533 5677 6319 5592 5729 6322 5646 5772 6364 5679 
EDZ KM2 UCS VGN 5407 6048 5580 5486 6050 5685 5535 6104 5707 5643 6131 5758 5664 6177 5775 5696 6177 5778 
EDZ KM3 UCS VGN 5411 5705 5738 5531 5701 5765 5571 5727 5808 5611 5762 5841 5633 5778 5877 5657 5790 5874 
EDZ KM4 UCS VGN 5391 5857 5604 5440 5885 5632 5586 5936 5698 5764 5949 5808 5759 5997 5828 5769 6005 5884 
EDZ KM5 UCS VGN 5205 6503 5391 5361 6534 5431 5484 6561 5486 5557 6565 5582 5620 6563 5632 5672 6613 5672 
EDZ KM6 UCS VGN 5173 6174 5644 5383 6193 5690 5410 6244 5739 5549 6256 5803 5580 6267 5835 5620 6290 5879 
EDZ KM7 UCS VGN 5266 6088 5592 5409 6103 5656 5445 6163 5720 5581 6149 5750 5625 6170 5805 5715 6184 5803 
EDZ KM8 UCS VGN 5190 5765 5444 5279 5765 5498 5325 5795 5490 5350 5791 5592 5397 5797 5671 5424 5790 5677 
EDZ KM9 UCS VGN 5229 5351 5819 5356 5357 5866 5454 5404 5943 5530 5544 5977 5573 5597 6023 5635 5624 6056 
EDZ KM10 UCS VGN 5316 5980 5634 5381 5995 5694 5490 6012 5728 5509 6054 5801 5621 6052 5825 5618 6091 5851 
EDZ KM11 UCS VGN 5686 5897 5330 5706 5888 5394 5764 5904 5415 5815 5933 5509 5819 5925 5554 5833 6006 5562 
EDZ KM12 UCS VGN 5510 5768 4986 5552 5767 4989 5607 5811 5040 5677 5813 5113 5726 5848 5162 5763 5900 5199 
EDZ KM13 UCS VGN 5590 5808 5144 5610 5820 5174 5673 5824 5219 5733 5846 5282 5823 5868 5315 5836 5903 5377 
EDZ KM14 UCS VGN 5816 6110 5203 5840 6103 5231 5870 6112 5254 5987 6190 5285 5951 6211 5322 6091 6200 5326 
EDZ KM15 UCS VGN 5710 6045 5168 5863 6047 5208 5889 6063 5262 5911 6113 5334 5939 6124 5369 5964 6146 5432 
EDZ KM16 UCS VGN 5618 5983 5133 5716 6035 5276 5849 6029 5305 5854 6061 5420 5957 6111 5480 5958 6093 5488 
EDZ KM17 UCS VGN 5634 5832 5080 5684 5840 5097 5686 5864 5157 5772 5905 5252 5857 5926 5282 5869 5946 5313 
EDZ KM18 UCS VGN 5611 5795 5241 5639 5785 5264 5707 5819 5323 5695 5840 5357 5797 5914 5439 5819 5927 5492 
EDZ KM19 UCS VGN 5707 6039 5195 5747 6086 5258 5746 6102 5294 5867 6124 5339 5915 6146 5388 5899 6186 5466 
EDZ KM20 UCS VGN 5471 5676 5150 5575 5695 5202 5552 5719 5233 5667 5755 5303 5753 5785 5333 5780 5844 5354 
EDZ KM21 UCS PGR 5407 5469 5264 5512 5470 5264 5522 5486 5287 5794 5569 5365 5799 5592 5486 5857 5604 5522 
EDZ KM22 UCS PGR 5435 5208 5357 5547 5227 5415 5636 5247 5474 5705 5339 5511 5848 5370 5576 5877 5476 5589 
EDZ KM23 UCS PGR 5509 5582 5383 5594 5605 5455 5585 5637 5503 5709 5657 5540 5782 5707 5611 5873 5743 5626 
EDZ KM24 UCS PGR 5517 5738 5581 5530 5775 5667 5642 5774 5671 5812 5787 5736 5808 5811 5776 5825 5848 5786 
EDZ KM25 UCS PGR 5509 5668 5298 5561 5711 5336 5606 5734 5390 5754 5753 5482 5795 5819 5516 5824 5856 5589 
EDZ KM26 UCS PGR 5485 5573 5392 5551 5584 5427 5657 5582 5456 5716 5676 5551 5826 5735 5611 5895 5754 5664 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK S_0_AX S_0_AC S_0_BD S_2_AX S_2_AC S_2_BD S_5_AX S_5_AC S_5_BD S_10_AX S_10_AC S_10_BD S_15_AX S_15_AC S_15_BD S_20_AX S_20_AC S_20_BD 
  [m/s] 
EDZ KM1 UCS VGN 3143 3037 2917 3179 3062 2860 3215 3090 2927 3233 3108 2976 3258 3138 2976 3271 3138 2996 
EDZ KM2 UCS VGN 3094 3234 3088 3114 3250 3135 3137 3282 3161 3152 3311 3211 3185 3344 3230 3209 3370 3278 
EDZ KM3 UCS VGN 3107 3203 3250 3115 3215 3266 3137 3238 3282 3170 3286 3357 3202 3332 3370 3217 3332 3391 
EDZ KM4 UCS VGN 3095 3297 3138 3115 3347 3164 3129 3381 3176 3158 3415 3221 3200 3451 3229 3221 3469 3241 
EDZ KM5 UCS VGN 3047 3120 2884 3052 3134 2896 3064 3146 2934 3114 3168 2980 3138 3187 3007 3155 3202 3048 
EDZ KM6 UCS VGN 3031 3041 2922 3064 3077 2944 3092 3091 2957 3138 3120 3007 3161 3134 3021 3185 3142 3041 
EDZ KM7 UCS VGN 3020 3077 2994 3047 3105 3004 3086 3120 3038 3131 3160 3066 3149 3179 3091 3161 3187 3105 
EDZ KM8 UCS VGN 2842 3000 2823 2856 3041 2835 2925 3080 2859 2977 3109 2884 3014 3131 2909 3025 3153 2934 
EDZ KM9 UCS VGN 3007 2844 3007 3023 2899 3024 3056 2934 3041 3113 2964 3084 3148 3007 3116 3154 3001 3142 
EDZ KM10 UCS VGN 2991 3105 2990 3034 3149 3007 3068 3172 3017 3107 3194 3048 3131 3218 3080 3148 3225 3102 
EDZ KM11 UCS VGN 3301 3236 3027 3314 3244 3040 3327 3268 3047 3354 3280 3086 3381 3292 3090 3395 3296 3115 
EDZ KM12 UCS VGN 3181 3339 2808 3187 3359 2817 3196 3376 2825 3233 3380 2834 3265 3400 2887 3284 3396 2905 
EDZ KM13 UCS VGN 3153 3349 2870 3165 3362 2888 3183 3378 2900 3213 3391 2943 3232 3420 2956 3250 3428 2981 
EDZ KM14 UCS VGN 3316 3520 3007 3322 3525 3014 3342 3547 3020 3362 3566 3027 3389 3570 3040 3396 3579 3067 
EDZ KM15 UCS VGN 3260 3485 2930 3272 3485 2937 3305 3502 2949 3318 3520 2962 3371 3529 2987 3433 3529 2994 
EDZ KM16 UCS VGN 3224 3236 2930 3255 3270 2994 3274 3286 3027 3312 3321 3081 3339 3325 3108 3359 3362 3137 
EDZ KM17 UCS VGN 3271 3468 3008 3297 3477 3005 3316 3485 3025 3343 3530 3044 3376 3543 3071 3390 3552 3085 
EDZ KM18 UCS VGN 3256 3404 3005 3268 3433 3018 3307 3455 3031 3347 3468 3071 3372 3494 3085 3387 3516 3127 
EDZ KM19 UCS VGN 3203 3362 2932 3215 3379 2947 3239 3387 2960 3301 3412 3011 3340 3429 3051 3366 3455 3099 
EDZ KM20 UCS VGN 3138 3302 3065 3155 3318 3058 3179 3362 3082 3210 3396 3116 3259 3416 3145 3272 3438 3170 
EDZ KM21 UCS PGR 3077 2862 2916 3094 2910 2928 3099 2960 2953 3127 3031 2979 3162 3058 3005 3185 3102 3051 
EDZ KM22 UCS PGR 3145 3032 3056 3169 3097 3100 3199 3150 3132 3242 3220 3216 3261 3254 3305 3273 3277 3325 
EDZ KM23 UCS PGR 3058 3134 3038 3086 3174 3051 3109 3199 3058 3138 3260 3106 3185 3283 3145 3212 3275 3177 
EDZ KM24 UCS PGR 3049 3219 3062 3088 3249 3090 3128 3257 3117 3170 3287 3131 3188 3327 3175 3200 3343 3204 
EDZ KM25 UCS PGR 3071 3060 3014 3088 3094 3027 3110 3108 3053 3145 3130 3108 3175 3144 3165 3193 3165 3173 
EDZ KM26 UCS PGR 3071 3037 2943 3093 3108 2987 3139 3137 3007 3163 3209 3053 3211 3221 3074 3229 3263 3108 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK PS_0_AX PS_0_AC PS_0_BD PS_2_AX PS_2_AC PS_2_BD PS_5_AX PS_5_AC PS_5_BD PS_10_AX PS_10_AC PS_10_BD PS_15_AX PS_15_AC PS_15_BD PS_20_AX PS_20_AC PS_20_BD 
  [-] 
EDZ KM1 UCS VGN 1.74 2.06 1.87 1.75 2.04 1.92 1.74 2.03 1.89 1.76 2.03 1.88 1.76 2.01 1.90 1.76 2.03 1.90 
EDZ KM2 UCS VGN 1.75 1.87 1.81 1.76 1.86 1.81 1.76 1.86 1.81 1.79 1.85 1.79 1.78 1.85 1.79 1.78 1.83 1.76 
EDZ KM3 UCS VGN 1.74 1.78 1.77 1.78 1.77 1.77 1.78 1.77 1.77 1.77 1.75 1.74 1.76 1.73 1.74 1.76 1.74 1.73 
EDZ KM4 UCS VGN 1.74 1.78 1.79 1.75 1.76 1.78 1.79 1.76 1.79 1.83 1.74 1.80 1.80 1.74 1.80 1.79 1.73 1.82 
EDZ KM5 UCS VGN 1.71 2.08 1.87 1.76 2.08 1.88 1.79 2.09 1.87 1.78 2.07 1.87 1.79 2.06 1.87 1.80 2.07 1.86 
EDZ KM6 UCS VGN 1.71 2.03 1.93 1.76 2.01 1.93 1.75 2.02 1.94 1.77 2.01 1.93 1.77 2.00 1.93 1.76 2.00 1.93 
EDZ KM7 UCS VGN 1.74 1.98 1.87 1.78 1.97 1.88 1.76 1.98 1.88 1.78 1.95 1.88 1.79 1.94 1.88 1.81 1.94 1.87 
EDZ KM8 UCS VGN 1.83 1.92 1.93 1.85 1.90 1.94 1.82 1.88 1.92 1.80 1.86 1.94 1.79 1.85 1.95 1.79 1.84 1.93 
EDZ KM9 UCS VGN 1.74 1.88 1.93 1.77 1.85 1.94 1.78 1.84 1.95 1.78 1.87 1.94 1.77 1.86 1.93 1.79 1.87 1.93 
EDZ KM10 UCS VGN 1.78 1.93 1.88 1.77 1.90 1.89 1.79 1.90 1.90 1.77 1.90 1.90 1.80 1.88 1.89 1.78 1.89 1.89 
EDZ KM11 UCS VGN 1.72 1.82 1.76 1.72 1.81 1.77 1.73 1.81 1.78 1.73 1.81 1.79 1.72 1.80 1.80 1.72 1.82 1.79 
EDZ KM12 UCS VGN 1.73 1.73 1.78 1.74 1.72 1.77 1.75 1.72 1.78 1.76 1.72 1.80 1.75 1.72 1.79 1.76 1.74 1.79 
EDZ KM13 UCS VGN 1.77 1.73 1.79 1.77 1.73 1.79 1.78 1.72 1.80 1.78 1.72 1.79 1.80 1.72 1.80 1.80 1.72 1.80 
EDZ KM14 UCS VGN 1.75 1.74 1.73 1.76 1.73 1.74 1.76 1.72 1.74 1.78 1.74 1.75 1.76 1.74 1.75 1.79 1.73 1.74 
EDZ KM15 UCS VGN 1.75 1.73 1.76 1.79 1.74 1.77 1.78 1.73 1.78 1.78 1.74 1.80 1.76 1.74 1.80 1.74 1.74 1.81 
EDZ KM16 UCS VGN 1.74 1.85 1.75 1.76 1.85 1.76 1.79 1.83 1.75 1.77 1.82 1.76 1.78 1.84 1.76 1.77 1.81 1.75 
EDZ KM17 UCS VGN 1.72 1.68 1.69 1.72 1.68 1.70 1.71 1.68 1.71 1.73 1.67 1.73 1.73 1.67 1.72 1.73 1.67 1.72 
EDZ KM18 UCS VGN 1.72 1.70 1.74 1.73 1.68 1.74 1.73 1.68 1.76 1.70 1.68 1.74 1.72 1.69 1.76 1.72 1.69 1.76 
EDZ KM19 UCS VGN 1.78 1.80 1.77 1.79 1.80 1.78 1.77 1.80 1.79 1.78 1.79 1.77 1.77 1.79 1.77 1.75 1.79 1.76 
EDZ KM20 UCS VGN 1.74 1.72 1.68 1.77 1.72 1.70 1.75 1.70 1.70 1.77 1.69 1.70 1.77 1.69 1.70 1.77 1.70 1.69 
EDZ KM21 UCS PGR 1.76 1.91 1.81 1.78 1.88 1.80 1.78 1.85 1.79 1.85 1.84 1.80 1.83 1.83 1.83 1.84 1.81 1.81 
EDZ KM22 UCS PGR 1.73 1.72 1.75 1.75 1.69 1.75 1.76 1.67 1.75 1.76 1.66 1.71 1.79 1.65 1.69 1.80 1.67 1.68 
EDZ KM23 UCS PGR 1.80 1.78 1.77 1.81 1.77 1.79 1.80 1.76 1.80 1.82 1.74 1.78 1.82 1.74 1.78 1.83 1.75 1.77 
EDZ KM24 UCS PGR 1.81 1.78 1.82 1.79 1.78 1.83 1.80 1.77 1.82 1.83 1.76 1.83 1.82 1.75 1.82 1.82 1.75 1.81 
EDZ KM25 UCS PGR 1.79 1.85 1.76 1.80 1.85 1.76 1.80 1.84 1.77 1.83 1.84 1.76 1.83 1.85 1.74 1.82 1.85 1.76 
EDZ KM26 UCS PGR 1.79 1.84 1.83 1.79 1.80 1.82 1.80 1.78 1.81 1.81 1.77 1.82 1.81 1.78 1.83 1.83 1.76 1.82 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK AI_0_AX AI_0_AC AI_0_BD AI_2_AX AI_2_AC AI_2_BD AI_5_AX AI_5_AC AI_5_BD AI_10_AX AI_10_AC AI_10_BD AI_15_AX AI_15_AC AI_15_BD AI_20_AX AI_20_AC AI_20_BD 
  [MPa*s/m] 
EDZ KM1 UCS VGN 15.03 17.24 15.00 15.31 17.22 15.15 15.41 17.31 15.23 15.63 17.39 15.39 15.77 17.40 15.54 15.89 17.52 15.63 
EDZ KM2 UCS VGN 14.88 16.64 15.35 15.10 16.65 15.64 15.23 16.80 15.70 15.53 16.87 15.84 15.59 17.00 15.89 15.67 17.00 15.90 
EDZ KM3 UCS VGN 14.73 15.53 15.62 15.05 15.52 15.69 15.16 15.59 15.81 15.27 15.68 15.90 15.33 15.73 16.00 15.40 15.76 15.99 
EDZ KM4 UCS VGN 14.75 16.02 15.33 14.88 16.10 15.41 15.28 16.24 15.58 15.77 16.27 15.89 15.75 16.40 15.94 15.78 16.42 16.10 
EDZ KM5 UCS VGN 14.34 17.92 14.86 14.77 18.01 14.97 15.11 18.08 15.12 15.31 18.09 15.38 15.49 18.08 15.52 15.63 18.22 15.63 
EDZ KM6 UCS VGN 14.25 17.01 15.55 14.83 17.06 15.67 14.90 17.20 15.81 15.29 17.23 15.98 15.37 17.26 16.07 15.48 17.33 16.19 
EDZ KM7 UCS VGN 14.51 16.77 15.40 14.90 16.81 15.58 15.00 16.98 15.76 15.37 16.94 15.84 15.49 17.00 15.99 15.74 17.04 15.99 
EDZ KM8 UCS VGN 14.15 15.72 14.85 14.40 15.72 14.99 14.52 15.80 14.97 14.59 15.79 15.25 14.72 15.81 15.46 14.79 15.79 15.48 
EDZ KM9 UCS VGN 14.26 14.59 15.86 14.60 14.61 15.99 14.87 14.73 16.20 15.08 15.11 16.30 15.19 15.26 16.42 15.36 15.33 16.51 
EDZ KM10 UCS VGN 14.64 16.46 15.51 14.81 16.50 15.68 15.11 16.55 15.77 15.17 16.67 15.97 15.47 16.66 16.04 15.46 16.77 16.11 
EDZ KM11 UCS VGN 15.57 16.15 14.59 15.63 16.12 14.77 15.78 16.17 14.83 15.92 16.25 15.09 15.94 16.23 15.21 15.97 16.45 15.23 
EDZ KM12 UCS VGN 15.14 15.85 13.70 15.25 15.85 13.71 15.40 15.97 13.85 15.60 15.97 14.05 15.73 16.07 14.18 15.83 16.21 14.28 
EDZ KM13 UCS VGN 15.39 15.99 14.16 15.44 16.02 14.24 15.61 16.03 14.37 15.78 16.09 14.54 16.03 16.15 14.63 16.06 16.25 14.80 
EDZ KM14 UCS VGN 16.14 16.96 14.44 16.21 16.94 14.52 16.29 16.96 14.58 16.62 17.18 14.67 16.52 17.24 14.77 16.90 17.21 14.78 
EDZ KM15 UCS VGN 15.90 16.83 14.39 16.32 16.84 14.50 16.40 16.88 14.65 16.46 17.02 14.85 16.54 17.05 14.95 16.61 17.11 15.12 
EDZ KM16 UCS VGN 15.43 16.43 14.10 15.70 16.57 14.49 16.06 16.56 14.57 16.08 16.65 14.89 16.36 16.78 15.05 16.36 16.73 15.07 
EDZ KM17 UCS VGN 15.46 16.00 13.93 15.59 16.02 13.98 15.60 16.08 14.15 15.83 16.20 14.41 16.07 16.25 14.49 16.10 16.31 14.57 
EDZ KM18 UCS VGN 15.29 15.79 14.28 15.36 15.76 14.34 15.55 15.85 14.50 15.52 15.91 14.60 15.79 16.11 14.82 15.85 16.15 14.96 
EDZ KM19 UCS VGN 15.56 16.47 14.16 15.67 16.59 14.34 15.67 16.64 14.43 16.00 16.70 14.56 16.13 16.76 14.69 16.08 16.87 14.90 
EDZ KM20 UCS VGN 14.91 15.47 14.03 15.19 15.52 14.17 15.13 15.58 14.26 15.44 15.68 14.45 15.68 15.76 14.53 15.75 15.93 14.59 
EDZ KM21 UCS PGR 14.21 14.38 13.84 14.49 14.38 13.84 14.51 14.42 13.90 15.23 14.64 14.10 15.24 14.70 14.42 15.40 14.73 14.52 
EDZ KM22 UCS PGR 14.33 13.73 14.13 14.63 13.79 14.28 14.86 13.84 14.44 15.05 14.08 14.53 15.42 14.16 14.71 15.50 14.44 14.74 
EDZ KM23 UCS PGR 14.51 14.70 14.18 14.73 14.76 14.37 14.71 14.85 14.49 15.03 14.90 14.59 15.23 15.03 14.78 15.47 15.12 14.82 
EDZ KM24 UCS PGR 14.47 15.05 14.64 14.50 15.15 14.86 14.80 15.14 14.87 15.24 15.18 15.05 15.23 15.24 15.15 15.28 15.34 15.17 
EDZ KM25 UCS PGR 14.49 14.91 13.94 14.63 15.02 14.03 14.75 15.08 14.18 15.14 15.13 14.42 15.24 15.31 14.51 15.32 15.40 14.70 
EDZ KM26 UCS PGR 14.38 14.61 14.14 14.56 14.64 14.23 14.84 14.64 14.31 14.99 14.88 14.56 15.28 15.04 14.71 15.46 15.09 14.85 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK SI_0_AX SI_0_AC SI_0_BD SI_2_AX SI_2_AC SI_2_BD SI_5_AX SI_5_AC SI_5_BD SI_10_AX SI_10_AC SI_10_BD SI_15_AX SI_15_AC SI_15_BD SI_20_AX SI_20_AC SI_20_BD 
  [MPa*s/m] 
EDZ KM1 UCS VGN 8.65 8.36 8.03 8.75 8.43 7.87 8.85 8.51 8.06 8.90 8.56 8.19 8.97 8.64 8.19 9.00 8.64 8.25 
EDZ KM2 UCS VGN 8.51 8.90 8.50 8.57 8.94 8.63 8.63 9.03 8.70 8.67 9.11 8.84 8.76 9.20 8.89 8.83 9.27 9.02 
EDZ KM3 UCS VGN 8.46 8.72 8.85 8.48 8.75 8.89 8.54 8.81 8.93 8.63 8.94 9.14 8.71 9.07 9.17 8.76 9.07 9.23 
EDZ KM4 UCS VGN 8.47 9.02 8.58 8.52 9.15 8.66 8.56 9.25 8.69 8.64 9.34 8.81 8.75 9.44 8.83 8.81 9.49 8.86 
EDZ KM5 UCS VGN 8.40 8.60 7.95 8.41 8.64 7.98 8.44 8.67 8.09 8.58 8.73 8.21 8.65 8.78 8.29 8.69 8.82 8.40 
EDZ KM6 UCS VGN 8.35 8.38 8.05 8.44 8.47 8.11 8.52 8.51 8.15 8.64 8.59 8.28 8.71 8.63 8.32 8.77 8.65 8.38 
EDZ KM7 UCS VGN 8.32 8.47 8.25 8.39 8.55 8.27 8.50 8.59 8.37 8.63 8.71 8.45 8.67 8.76 8.51 8.71 8.78 8.55 
EDZ KM8 UCS VGN 7.75 8.18 7.70 7.79 8.29 7.73 7.98 8.40 7.80 8.12 8.48 7.86 8.22 8.54 7.93 8.25 8.60 8.00 
EDZ KM9 UCS VGN 8.20 7.75 8.20 8.24 7.90 8.24 8.33 8.00 8.29 8.49 8.08 8.41 8.58 8.20 8.50 8.60 8.18 8.57 
EDZ KM10 UCS VGN 8.23 8.55 8.23 8.35 8.67 8.28 8.45 8.73 8.31 8.55 8.79 8.39 8.62 8.86 8.48 8.67 8.88 8.54 
EDZ KM11 UCS VGN 9.04 8.86 8.29 9.08 8.88 8.33 9.11 8.95 8.34 9.18 8.98 8.45 9.26 9.02 8.46 9.30 9.03 8.53 
EDZ KM12 UCS VGN 8.74 9.17 7.71 8.76 9.23 7.74 8.78 9.27 7.76 8.88 9.29 7.79 8.97 9.34 7.93 9.02 9.33 7.98 
EDZ KM13 UCS VGN 8.68 9.22 7.90 8.71 9.25 7.95 8.76 9.30 7.98 8.84 9.33 8.10 8.90 9.41 8.14 8.95 9.44 8.21 
EDZ KM14 UCS VGN 9.20 9.77 8.35 9.22 9.78 8.36 9.27 9.84 8.38 9.33 9.90 8.40 9.41 9.91 8.44 9.42 9.93 8.51 
EDZ KM15 UCS VGN 9.08 9.70 8.16 9.11 9.70 8.18 9.20 9.75 8.21 9.24 9.80 8.25 9.38 9.83 8.32 9.56 9.83 8.34 
EDZ KM16 UCS VGN 8.85 8.89 8.05 8.94 8.98 8.22 8.99 9.02 8.31 9.10 9.12 8.46 9.17 9.13 8.54 9.22 9.23 8.61 
EDZ KM17 UCS VGN 8.97 9.51 8.25 9.04 9.54 8.24 9.10 9.56 8.30 9.17 9.68 8.35 9.26 9.72 8.43 9.30 9.74 8.46 
EDZ KM18 UCS VGN 8.87 9.27 8.19 8.90 9.35 8.22 9.01 9.41 8.26 9.12 9.45 8.37 9.19 9.52 8.41 9.23 9.58 8.52 
EDZ KM19 UCS VGN 8.73 9.17 7.99 8.77 9.21 8.04 8.83 9.24 8.07 9.00 9.30 8.21 9.11 9.35 8.32 9.18 9.42 8.45 
EDZ KM20 UCS VGN 8.55 9.00 8.35 8.60 9.04 8.33 8.66 9.16 8.40 8.75 9.25 8.49 8.88 9.31 8.57 8.92 9.37 8.64 
EDZ KM21 UCS PGR 8.09 7.52 7.67 8.13 7.65 7.70 8.15 7.78 7.76 8.22 7.97 7.83 8.31 8.04 7.90 8.37 8.16 8.02 
EDZ KM22 UCS PGR 8.29 8.00 8.06 8.36 8.17 8.18 8.44 8.31 8.26 8.55 8.49 8.48 8.60 8.58 8.72 8.63 8.64 8.77 
EDZ KM23 UCS PGR 8.05 8.25 8.00 8.13 8.36 8.04 8.19 8.43 8.05 8.26 8.58 8.18 8.39 8.64 8.28 8.46 8.62 8.37 
EDZ KM24 UCS PGR 8.00 8.44 8.03 8.10 8.52 8.10 8.21 8.54 8.18 8.31 8.62 8.21 8.36 8.73 8.33 8.39 8.77 8.40 
EDZ KM25 UCS PGR 8.08 8.05 7.93 8.12 8.14 7.96 8.18 8.18 8.03 8.27 8.23 8.18 8.35 8.27 8.33 8.40 8.33 8.35 
EDZ KM26 UCS PGR 8.05 7.96 7.72 8.11 8.15 7.83 8.23 8.23 7.89 8.29 8.42 8.01 8.42 8.45 8.06 8.47 8.56 8.15 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK PI_0_AX PI_0_AC PI_0_BD PI_2_AX PI_2_AC PI_2_BD PI_5_AX PI_5_AC PI_5_BD PI_10_AX PI_10_AC PI_10_BD PI_15_AX PI_15_AC PI_15_BD PI_20_AX PI_20_AC PI_20_BD 
  [MPa*s/m] 
EDZ KM1 UCS VGN 2.83 5.45 3.68 2.97 5.34 4.05 2.93 5.32 3.87 3.08 5.33 3.84 3.12 5.22 3.99 3.19 5.34 4.00 
EDZ KM2 UCS VGN 2.87 4.09 3.37 3.01 4.04 3.48 3.06 4.06 3.44 3.30 4.02 3.39 3.23 4.02 3.36 3.22 3.92 3.18 
EDZ KM3 UCS VGN 2.81 3.24 3.14 3.10 3.18 3.16 3.13 3.16 3.21 3.11 3.07 3.01 3.05 2.94 3.06 3.05 2.97 2.97 
EDZ KM4 UCS VGN 2.81 3.30 3.23 2.87 3.19 3.20 3.21 3.20 3.34 3.59 3.10 3.46 3.41 3.09 3.49 3.36 3.05 3.60 
EDZ KM5 UCS VGN 2.50 5.80 3.65 2.91 5.83 3.71 3.21 5.86 3.72 3.21 5.78 3.80 3.29 5.70 3.84 3.37 5.78 3.79 
EDZ KM6 UCS VGN 2.48 5.19 4.20 2.93 5.11 4.24 2.89 5.20 4.32 3.10 5.11 4.30 3.09 5.09 4.34 3.11 5.12 4.38 
EDZ KM7 UCS VGN 2.78 4.82 3.78 3.07 4.75 3.91 3.01 4.86 3.96 3.21 4.66 3.93 3.26 4.65 3.99 3.47 4.66 3.93 
EDZ KM8 UCS VGN 3.23 4.18 3.99 3.41 4.03 4.09 3.27 3.96 3.98 3.14 3.84 4.16 3.13 3.77 4.28 3.16 3.67 4.20 
EDZ KM9 UCS VGN 2.70 3.66 4.30 2.98 3.46 4.37 3.12 3.45 4.51 3.11 3.72 4.44 3.09 3.70 4.44 3.24 3.80 4.43 
EDZ KM10 UCS VGN 3.03 4.41 3.90 3.04 4.28 4.00 3.21 4.24 4.06 3.11 4.27 4.14 3.32 4.17 4.08 3.24 4.25 4.07 
EDZ KM11 UCS VGN 2.83 3.65 2.91 2.83 3.60 3.03 2.94 3.55 3.06 2.97 3.58 3.17 2.88 3.51 3.28 2.87 3.72 3.20 
EDZ KM12 UCS VGN 2.82 2.91 2.82 2.91 2.83 2.80 3.02 2.89 2.90 3.07 2.88 3.07 3.09 2.89 3.00 3.11 3.05 3.03 
EDZ KM13 UCS VGN 3.15 2.99 3.02 3.16 2.97 3.03 3.26 2.92 3.11 3.31 2.93 3.12 3.49 2.88 3.16 3.45 2.94 3.23 
EDZ KM14 UCS VGN 3.17 3.18 2.67 3.21 3.15 2.73 3.21 3.08 2.76 3.46 3.23 2.82 3.25 3.27 2.87 3.61 3.20 2.78 
EDZ KM15 UCS VGN 3.10 3.15 2.89 3.48 3.16 2.97 3.42 3.13 3.07 3.43 3.20 3.22 3.30 3.20 3.22 3.13 3.26 3.37 
EDZ KM16 UCS VGN 2.95 3.90 2.75 3.09 3.91 2.90 3.38 3.84 2.85 3.25 3.79 2.96 3.43 3.91 3.01 3.36 3.72 2.93 
EDZ KM17 UCS VGN 2.80 2.58 2.30 2.84 2.57 2.36 2.77 2.60 2.45 2.91 2.54 2.63 3.01 2.55 2.61 2.99 2.57 2.64 
EDZ KM18 UCS VGN 2.78 2.71 2.74 2.81 2.57 2.75 2.84 2.58 2.86 2.66 2.59 2.80 2.84 2.69 2.97 2.84 2.64 2.95 
EDZ KM19 UCS VGN 3.25 3.54 2.89 3.31 3.60 3.01 3.21 3.61 3.06 3.30 3.58 2.98 3.29 3.57 2.96 3.14 3.58 2.99 
EDZ KM20 UCS VGN 2.85 2.78 2.26 3.07 2.77 2.43 2.91 2.66 2.42 3.11 2.64 2.48 3.16 2.64 2.45 3.18 2.72 2.41 
EDZ KM21 UCS PGR 2.81 3.77 3.03 3.02 3.59 2.98 3.03 3.45 2.95 3.64 3.40 3.06 3.52 3.37 3.28 3.59 3.23 3.21 
EDZ KM22 UCS PGR 2.64 2.46 2.77 2.84 2.27 2.75 2.97 2.13 2.79 2.99 2.11 2.57 3.30 2.06 2.42 3.33 2.26 2.38 
EDZ KM23 UCS PGR 3.15 3.06 2.90 3.27 2.98 3.04 3.16 2.97 3.14 3.38 2.79 3.06 3.40 2.84 3.10 3.54 2.96 3.02 
EDZ KM24 UCS PGR 3.20 3.14 3.31 3.08 3.13 3.44 3.23 3.10 3.34 3.52 3.02 3.46 3.44 2.94 3.41 3.44 2.98 3.33 
EDZ KM25 UCS PGR 3.10 3.56 2.76 3.17 3.54 2.81 3.21 3.56 2.85 3.47 3.53 2.89 3.47 3.65 2.77 3.48 3.66 2.93 
EDZ KM26 UCS PGR 3.03 3.38 3.26 3.12 3.15 3.19 3.23 3.04 3.19 3.29 3.02 3.27 3.40 3.13 3.35 3.52 3.03 3.36 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK NY_0_AX NY_0_AC NY_0_BD NY_2_AX NY_2_AC NY_2_BD NY_5_AX NY_5_AC NY_5_BD NY_10_AX NY_10_AC NY_10_BD NY_15_AX NY_15_AC NY_15_BD NY_20_AX NY_20_AC NY_20_BD 
  [-] 
EDZ KM1 UCS VGN 0.252 0.346 0.299 0.257 0.343 0.315 0.254 0.341 0.306 0.260 0.340 0.302 0.261 0.337 0.308 0.264 0.339 0.307 
EDZ KM2 UCS VGN 0.257 0.300 0.279 0.262 0.297 0.282 0.263 0.297 0.279 0.273 0.294 0.274 0.269 0.293 0.272 0.268 0.288 0.263 
EDZ KM3 UCS VGN 0.254 0.270 0.264 0.268 0.267 0.264 0.268 0.265 0.265 0.266 0.259 0.253 0.261 0.251 0.255 0.261 0.253 0.250 
EDZ KM4 UCS VGN 0.254 0.268 0.272 0.256 0.261 0.269 0.271 0.260 0.275 0.286 0.254 0.278 0.277 0.253 0.278 0.274 0.250 0.282 
EDZ KM5 UCS VGN 0.239 0.351 0.300 0.260 0.351 0.301 0.273 0.351 0.300 0.271 0.348 0.301 0.274 0.346 0.301 0.276 0.347 0.297 
EDZ KM6 UCS VGN 0.239 0.340 0.317 0.261 0.336 0.317 0.258 0.338 0.319 0.265 0.334 0.316 0.264 0.333 0.317 0.263 0.334 0.317 
EDZ KM7 UCS VGN 0.255 0.329 0.299 0.268 0.325 0.304 0.263 0.328 0.304 0.270 0.321 0.301 0.272 0.319 0.302 0.280 0.319 0.299 
EDZ KM8 UCS VGN 0.286 0.314 0.316 0.293 0.307 0.319 0.284 0.303 0.314 0.276 0.298 0.319 0.273 0.294 0.321 0.274 0.289 0.318 
EDZ KM9 UCS VGN 0.253 0.303 0.318 0.266 0.293 0.319 0.271 0.291 0.323 0.268 0.300 0.319 0.266 0.297 0.317 0.272 0.301 0.316 
EDZ KM10 UCS VGN 0.268 0.315 0.304 0.267 0.309 0.307 0.273 0.307 0.308 0.267 0.307 0.309 0.275 0.303 0.306 0.271 0.305 0.305 
EDZ KM11 UCS VGN 0.246 0.285 0.262 0.245 0.282 0.267 0.250 0.279 0.268 0.251 0.280 0.271 0.245 0.277 0.276 0.244 0.284 0.271 
EDZ KM12 UCS VGN 0.250 0.248 0.268 0.254 0.243 0.266 0.259 0.245 0.271 0.260 0.245 0.278 0.259 0.245 0.272 0.260 0.252 0.273 
EDZ KM13 UCS VGN 0.267 0.251 0.274 0.267 0.250 0.274 0.270 0.247 0.277 0.271 0.247 0.275 0.277 0.243 0.276 0.275 0.246 0.278 
EDZ KM14 UCS VGN 0.259 0.252 0.249 0.261 0.250 0.252 0.260 0.246 0.253 0.270 0.252 0.256 0.260 0.253 0.258 0.274 0.250 0.252 
EDZ KM15 UCS VGN 0.258 0.251 0.263 0.274 0.251 0.267 0.270 0.250 0.271 0.270 0.252 0.277 0.262 0.251 0.276 0.252 0.254 0.282 
EDZ KM16 UCS VGN 0.255 0.293 0.258 0.260 0.292 0.262 0.272 0.289 0.259 0.265 0.285 0.261 0.271 0.290 0.263 0.267 0.281 0.257 
EDZ KM17 UCS VGN 0.246 0.227 0.230 0.246 0.226 0.234 0.242 0.227 0.238 0.248 0.222 0.247 0.251 0.222 0.245 0.250 0.222 0.246 
EDZ KM18 UCS VGN 0.246 0.237 0.255 0.247 0.228 0.255 0.247 0.228 0.260 0.236 0.228 0.255 0.244 0.232 0.263 0.244 0.228 0.260 
EDZ KM19 UCS VGN 0.270 0.275 0.266 0.272 0.277 0.271 0.267 0.277 0.273 0.268 0.275 0.267 0.266 0.274 0.264 0.259 0.273 0.263 
EDZ KM20 UCS VGN 0.255 0.244 0.226 0.264 0.243 0.236 0.256 0.236 0.234 0.264 0.233 0.236 0.264 0.232 0.233 0.264 0.236 0.230 
EDZ KM21 UCS PGR 0.261 0.311 0.279 0.270 0.303 0.276 0.270 0.295 0.273 0.294 0.290 0.277 0.288 0.287 0.286 0.290 0.279 0.280 
EDZ KM22 UCS PGR 0.248 0.243 0.259 0.258 0.230 0.256 0.262 0.218 0.257 0.262 0.214 0.242 0.274 0.210 0.229 0.275 0.221 0.226 
EDZ KM23 UCS PGR 0.277 0.270 0.266 0.281 0.264 0.272 0.276 0.262 0.277 0.284 0.252 0.271 0.282 0.253 0.271 0.287 0.259 0.266 
EDZ KM24 UCS PGR 0.280 0.270 0.285 0.273 0.268 0.289 0.278 0.267 0.283 0.288 0.262 0.288 0.284 0.256 0.284 0.284 0.257 0.279 
EDZ KM25 UCS PGR 0.275 0.294 0.261 0.277 0.292 0.263 0.278 0.292 0.264 0.287 0.290 0.263 0.286 0.294 0.254 0.285 0.294 0.262 
EDZ KM26 UCS PGR 0.272 0.289 0.288 0.275 0.275 0.283 0.278 0.269 0.282 0.279 0.265 0.283 0.282 0.270 0.286 0.286 0.263 0.284 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK L_0_AX L_0_AC L_0_BD L_2_AX L_2_AC L_2_BD L_5_AX L_5_AC L_5_BD L_10_AX L_10_AC L_10_BD L_15_AX L_15_AC L_15_BD L_20_AX L_20_AC L_20_BD 
  [GPa] 
EDZ KM1 UCS VGN 27.64 57.19 34.91 29.51 56.17 38.32 29.40 56.27 37.13 31.18 56.71 37.33 31.90 55.81 39.00 32.82 57.27 39.36 
EDZ KM2 UCS VGN 27.75 43.08 33.21 29.44 42.58 34.86 30.13 43.25 34.62 32.96 43.10 34.48 32.46 43.43 34.33 32.61 42.50 32.71 
EDZ KM3 UCS VGN 27.17 32.75 32.10 30.44 32.20 32.39 30.92 32.20 33.18 30.99 31.58 31.50 30.57 30.43 32.20 30.76 30.83 31.31 
EDZ KM4 UCS VGN 27.10 34.36 32.03 27.87 33.47 31.99 31.79 33.87 33.63 36.32 32.99 35.51 34.69 33.23 35.84 34.28 32.81 37.25 
EDZ KM5 UCS VGN 23.49 62.90 34.25 27.85 63.51 35.06 31.14 64.09 35.47 31.63 63.47 36.91 32.77 62.71 37.57 33.78 63.99 37.45 
EDZ KM6 UCS VGN 23.11 54.02 40.73 28.13 53.49 41.42 27.97 54.77 42.53 30.60 54.18 42.93 30.73 54.07 43.52 31.11 54.61 44.25 
EDZ KM7 UCS VGN 26.16 49.96 36.76 29.45 49.48 38.42 29.21 51.02 39.29 31.76 49.14 39.29 32.51 49.18 40.19 34.93 49.40 39.65 
EDZ KM8 UCS VGN 29.40 41.52 37.37 31.51 40.18 38.62 30.65 39.84 37.60 29.70 38.72 39.93 29.86 38.19 41.55 30.30 37.20 40.92 
EDZ KM9 UCS VGN 25.23 33.97 43.00 28.36 32.41 43.94 30.15 32.67 45.87 30.51 35.90 45.56 30.64 36.10 45.95 32.33 37.14 46.15 
EDZ KM10 UCS VGN 28.55 45.36 38.13 29.02 44.32 39.47 31.15 44.11 40.20 30.40 44.71 41.47 33.02 43.84 41.18 32.30 44.87 41.29 
EDZ KM11 UCS VGN 28.86 37.87 27.62 29.00 37.29 29.05 30.35 36.97 29.43 30.98 37.48 30.94 30.13 36.79 32.20 30.05 39.28 31.56 
EDZ KM12 UCS VGN 27.81 30.16 24.97 28.89 29.38 24.80 30.23 30.17 25.93 31.10 30.06 27.70 31.52 30.42 27.41 32.00 32.24 27.89 
EDZ KM13 UCS VGN 31.29 31.10 27.49 31.49 31.03 27.78 32.80 30.55 28.70 33.63 30.79 29.13 35.84 30.39 29.68 35.58 31.21 30.67 
EDZ KM14 UCS VGN 32.86 34.84 24.95 33.38 34.42 25.54 33.63 33.85 25.98 36.74 35.77 26.67 34.53 36.32 27.30 38.94 35.58 26.50 
EDZ KM15 UCS VGN 31.61 34.13 26.55 36.09 34.20 27.51 35.74 34.05 28.65 35.98 35.04 30.38 34.94 35.06 30.55 33.43 35.80 32.23 
EDZ KM16 UCS VGN 29.61 40.79 25.20 31.54 41.28 27.21 35.07 40.54 26.98 33.86 40.31 28.56 36.25 41.82 29.40 35.52 39.88 28.67 
EDZ KM17 UCS VGN 28.37 27.32 21.15 28.98 27.25 21.74 28.35 27.67 22.76 30.11 27.29 24.82 31.58 27.44 24.79 31.47 27.74 25.21 
EDZ KM18 UCS VGN 28.03 28.37 25.65 28.42 26.95 25.85 29.15 27.22 27.14 27.33 27.38 26.79 29.60 28.78 28.74 29.74 28.35 28.90 
EDZ KM19 UCS VGN 32.87 37.78 26.71 33.68 38.74 28.01 32.80 38.94 28.64 34.41 38.75 28.27 34.57 38.85 28.38 33.11 39.25 29.08 
EDZ KM20 UCS VGN 27.90 28.37 21.09 30.43 28.39 22.78 28.91 27.51 22.85 31.36 27.41 23.70 32.31 27.57 23.59 32.71 28.67 23.35 
EDZ KM21 UCS PGR 27.07 35.56 28.13 29.55 34.14 27.75 29.65 33.07 27.63 36.81 33.22 29.02 35.83 33.04 31.65 36.84 31.95 31.22 
EDZ KM22 UCS PGR 25.72 23.02 26.44 28.17 21.47 26.64 29.78 20.28 27.28 30.41 20.48 25.54 34.11 20.19 24.40 34.58 22.44 24.08 
EDZ KM23 UCS PGR 30.67 30.34 27.70 32.24 29.69 29.33 31.24 29.79 30.51 33.98 28.32 30.02 34.62 29.02 30.82 36.49 30.36 30.19 
EDZ KM24 UCS PGR 31.07 31.99 32.50 30.19 32.10 34.15 32.14 31.82 33.36 35.88 31.15 34.87 35.17 30.50 34.65 35.28 31.08 33.95 
EDZ KM25 UCS PGR 30.23 35.24 26.05 31.17 35.41 26.69 31.76 35.67 27.38 35.05 35.54 28.21 35.29 37.07 27.31 35.60 37.49 29.22 
EDZ KM26 UCS PGR 29.42 33.07 30.81 30.63 31.09 30.43 32.24 30.09 30.64 33.20 30.45 31.90 34.92 31.83 32.99 36.44 31.01 33.45 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK G_0_AX G_0_AC G_0_BD G_2_AX G_2_AC G_2_BD G_5_AX G_5_AC G_5_BD G_10_AX G_10_AC G_10_BD G_15_AX G_15_AC G_15_BD G_20_AX G_20_AC G_20_BD 
  [GPa] 
EDZ KM1 UCS VGN 27.19 25.39 23.42 27.81 25.80 22.52 28.45 26.29 23.58 28.78 26.60 24.38 29.22 27.10 24.38 29.45 27.10 24.71 
EDZ KM2 UCS VGN 26.35 28.78 26.23 26.69 29.07 27.05 27.08 29.64 27.50 27.34 30.16 28.37 27.91 30.78 28.72 28.33 31.25 29.57 
EDZ KM3 UCS VGN 26.27 27.92 28.75 26.40 28.13 29.03 26.78 28.54 29.32 27.36 29.40 30.67 27.90 30.21 30.91 28.18 30.21 31.30 
EDZ KM4 UCS VGN 26.20 29.74 26.94 26.54 30.64 27.39 26.78 31.26 27.58 27.28 31.90 28.39 28.01 32.57 28.52 28.38 32.91 28.73 
EDZ KM5 UCS VGN 25.58 26.82 22.92 25.68 27.07 23.11 25.86 27.27 23.73 26.73 27.65 24.48 27.13 27.99 24.92 27.43 28.26 25.61 
EDZ KM6 UCS VGN 25.30 25.48 23.51 25.85 26.07 23.88 26.33 26.31 24.09 27.12 26.81 24.91 27.52 27.06 25.14 27.94 27.19 25.48 
EDZ KM7 UCS VGN 25.12 26.07 24.69 25.57 26.56 24.85 26.23 26.81 25.42 27.01 27.51 25.89 27.31 27.84 26.32 27.52 27.98 26.56 
EDZ KM8 UCS VGN 22.02 24.55 21.73 22.24 25.23 21.91 23.34 25.87 22.29 24.17 26.35 22.68 24.78 26.73 23.07 24.95 27.11 23.48 
EDZ KM9 UCS VGN 24.65 22.05 24.65 24.92 22.92 24.93 25.47 23.48 25.22 26.42 23.95 25.92 27.02 24.65 26.47 27.12 24.55 26.91 
EDZ KM10 UCS VGN 24.63 26.54 24.62 25.35 27.30 24.90 25.91 27.69 25.07 26.58 28.09 25.58 26.98 28.50 26.12 27.29 28.64 26.48 
EDZ KM11 UCS VGN 29.84 28.68 25.08 30.08 28.82 25.31 30.32 29.24 25.43 30.81 29.46 26.08 31.30 29.68 26.14 31.56 29.75 26.57 
EDZ KM12 UCS VGN 27.80 30.63 21.66 27.91 31.00 21.79 28.07 31.30 21.93 28.72 31.38 22.06 29.28 31.77 22.90 29.63 31.69 23.19 
EDZ KM13 UCS VGN 27.37 30.88 22.67 27.57 31.11 22.95 27.89 31.41 23.14 28.42 31.64 23.84 28.75 32.19 24.05 29.08 32.35 24.46 
EDZ KM14 UCS VGN 30.51 34.39 25.09 30.63 34.48 25.20 31.00 34.92 25.31 31.37 35.28 25.42 31.88 35.37 25.65 32.01 35.56 26.11 
EDZ KM15 UCS VGN 29.58 33.81 23.91 29.81 33.81 24.01 30.40 34.15 24.22 30.64 34.50 24.42 31.63 34.68 24.85 32.81 34.68 24.96 
EDZ KM16 UCS VGN 28.54 28.76 23.59 29.10 29.37 24.62 29.44 29.65 25.16 30.13 30.30 26.07 30.61 30.37 26.54 30.98 31.04 27.02 
EDZ KM17 UCS VGN 29.36 32.99 24.82 29.82 33.15 24.77 30.17 33.32 25.09 30.65 34.18 25.42 31.26 34.44 25.88 31.52 34.62 26.11 
EDZ KM18 UCS VGN 28.88 31.57 24.60 29.11 32.12 24.81 29.80 32.52 25.03 30.51 32.76 25.70 30.97 33.26 25.93 31.26 33.69 26.64 
EDZ KM19 UCS VGN 27.97 30.83 23.43 28.18 31.13 23.68 28.61 31.28 23.89 29.72 31.75 24.72 30.41 32.06 25.38 30.89 32.54 26.19 
EDZ KM20 UCS VGN 26.83 29.72 25.59 27.13 30.00 25.48 27.54 30.81 25.88 28.07 31.42 26.46 28.94 31.81 26.95 29.17 32.20 27.38 
EDZ KM21 UCS PGR 24.89 21.53 22.35 25.16 22.26 22.54 25.25 23.03 22.93 25.71 24.15 23.33 26.28 24.58 23.73 26.67 25.30 24.47 
EDZ KM22 UCS PGR 26.09 24.25 24.63 26.48 25.29 25.35 26.99 26.17 25.87 27.72 27.34 27.28 28.04 27.92 28.80 28.26 28.32 29.15 
EDZ KM23 UCS PGR 24.63 25.87 24.30 25.08 26.52 24.52 25.45 26.95 24.62 25.92 27.98 25.40 26.71 28.38 26.04 27.17 28.25 26.58 
EDZ KM24 UCS PGR 24.38 27.17 24.60 25.01 27.68 25.04 25.67 27.82 25.49 26.35 28.35 25.72 26.65 29.03 26.43 26.86 29.31 26.92 
EDZ KM25 UCS PGR 24.81 24.63 23.89 25.08 25.19 24.10 25.45 25.42 24.52 26.02 25.76 25.42 26.51 26.00 26.36 26.81 26.36 26.48 
EDZ KM26 UCS PGR 24.73 24.18 22.71 25.09 25.34 23.40 25.85 25.80 23.71 26.23 27.01 24.45 27.04 27.20 24.78 27.35 27.91 25.34 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK M_0_AX M_0_AC M_0_BD M_2_AX M_2_AC M_2_BD M_5_AX M_5_AC M_5_BD M_10_AX M_10_AC M_10_BD M_15_AX M_15_AC M_15_BD M_20_AX M_20_AC M_20_BD 
  [GPa] 
EDZ KM1 UCS VGN 82.02 107.97 81.75 85.14 107.77 83.36 86.30 108.85 84.28 88.73 109.90 86.08 90.34 110.01 87.75 91.72 111.47 88.77 
EDZ KM2 UCS VGN 80.44 100.65 85.67 82.81 100.71 88.95 84.30 102.54 89.61 87.64 103.43 91.22 88.27 104.98 91.76 89.27 104.99 91.86 
EDZ KM3 UCS VGN 79.70 88.60 89.60 83.25 88.46 90.46 84.48 89.28 91.82 85.70 90.38 92.85 86.37 90.85 94.01 87.11 91.25 93.91 
EDZ KM4 UCS VGN 79.49 93.83 85.91 80.94 94.74 86.76 85.35 96.39 88.80 90.88 96.80 92.28 90.71 98.36 92.89 91.04 98.63 94.71 
EDZ KM5 UCS VGN 74.66 116.54 80.08 79.20 117.66 81.29 82.86 118.62 82.93 85.09 118.78 85.86 87.02 118.68 87.41 88.64 120.50 88.67 
EDZ KM6 UCS VGN 73.70 104.98 87.75 79.83 105.64 89.17 80.62 107.40 90.71 84.83 107.79 92.75 85.77 108.19 93.79 86.99 108.98 95.22 
EDZ KM7 UCS VGN 76.39 102.11 86.13 80.60 102.60 88.13 81.66 104.64 90.14 85.79 104.17 91.07 87.14 104.87 92.82 89.97 105.35 92.77 
EDZ KM8 UCS VGN 73.45 90.61 80.82 76.00 90.63 82.44 77.33 91.58 82.18 78.04 91.43 85.28 79.42 91.65 87.70 80.21 91.41 87.88 
EDZ KM9 UCS VGN 74.54 78.06 92.31 78.20 78.25 93.81 81.09 79.62 96.31 83.36 83.79 97.40 84.68 85.41 98.90 86.57 86.23 99.97 
EDZ KM10 UCS VGN 77.81 98.44 87.37 79.71 98.93 89.26 82.96 99.49 90.33 83.56 100.90 92.63 86.98 100.84 93.41 86.87 102.15 94.26 
EDZ KM11 UCS VGN 88.55 95.23 77.79 89.16 94.93 79.68 90.98 95.46 80.29 92.59 96.40 83.11 92.73 96.15 84.48 93.17 98.78 84.70 
EDZ KM12 UCS VGN 83.41 91.42 68.29 84.70 91.39 68.39 86.37 92.78 69.79 88.53 92.82 71.83 90.08 93.95 73.20 91.25 95.62 74.27 
EDZ KM13 UCS VGN 86.03 92.86 72.83 86.64 93.25 73.68 88.58 93.37 74.98 90.47 94.08 76.80 93.34 94.78 77.77 93.74 95.92 79.59 
EDZ KM14 UCS VGN 93.87 103.62 75.14 94.64 103.37 75.94 95.62 103.69 76.60 99.47 106.34 77.51 98.28 107.07 78.59 102.95 106.69 78.71 
EDZ KM15 UCS VGN 90.78 101.75 74.37 95.72 101.82 75.53 96.54 102.35 77.09 97.27 104.04 79.23 98.21 104.41 80.24 99.04 105.15 82.15 
EDZ KM16 UCS VGN 86.70 98.30 72.37 89.73 100.03 76.45 93.94 99.84 77.30 94.12 100.91 80.69 97.47 102.56 82.47 97.48 101.96 82.71 
EDZ KM17 UCS VGN 87.08 93.29 70.79 88.61 93.55 71.27 88.69 94.31 72.95 91.40 95.64 75.67 94.11 96.31 76.54 94.50 96.97 77.43 
EDZ KM18 UCS VGN 85.79 91.51 74.84 86.63 91.18 75.48 88.74 92.25 77.20 88.36 92.91 78.20 91.55 95.30 80.60 92.25 95.72 82.18 
EDZ KM19 UCS VGN 88.82 99.44 73.58 90.05 101.00 75.38 90.02 101.51 76.41 93.85 102.25 77.72 95.40 102.98 79.15 94.89 104.33 81.46 
EDZ KM20 UCS VGN 81.56 87.80 72.28 84.69 88.39 73.73 84.00 89.12 74.61 87.50 90.24 76.63 90.20 91.18 77.49 91.05 93.07 78.11 
EDZ KM21 UCS PGR 76.84 78.61 72.83 79.86 78.66 72.84 80.14 79.12 73.49 88.23 81.52 75.67 88.39 82.20 79.11 90.17 82.56 80.16 
EDZ KM22 UCS PGR 77.90 71.52 75.69 81.13 72.06 77.34 83.76 72.61 79.02 85.84 75.16 80.09 90.19 76.04 82.00 91.09 79.09 82.37 
EDZ KM23 UCS PGR 79.92 82.07 76.30 82.40 82.73 78.37 82.13 83.70 79.76 85.83 84.28 80.83 88.04 85.78 82.91 90.84 86.85 83.36 
EDZ KM24 UCS PGR 79.84 86.34 81.69 80.21 87.47 84.23 83.48 87.45 84.34 88.59 87.84 86.30 88.48 88.56 87.51 89.00 89.70 87.79 
EDZ KM25 UCS PGR 79.84 84.50 73.82 81.33 85.78 74.88 82.66 86.50 76.43 87.09 87.06 79.04 88.32 89.07 80.02 89.23 90.20 82.17 
EDZ KM26 UCS PGR 78.88 81.43 76.23 80.81 81.76 77.24 83.93 81.69 78.06 85.67 84.47 80.80 89.00 86.24 82.54 91.14 86.83 84.12 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK K_0_AX K_0_AC K_0_BD K_2_AX K_2_AC K_2_BD K_5_AX K_5_AC K_5_BD K_10_AX K_10_AC K_10_BD K_15_AX K_15_AC K_15_BD K_20_AX K_20_AC K_20_BD 
  [GPa] 
EDZ KM1 UCS VGN 45.77 74.11 50.53 48.06 73.37 53.34 48.36 73.80 52.84 50.36 74.44 53.58 51.38 73.88 55.25 52.45 75.34 55.83 
EDZ KM2 UCS VGN 45.32 62.27 50.70 47.23 61.95 52.89 48.19 63.01 52.95 51.19 63.21 53.40 51.06 63.95 53.47 51.49 63.33 52.43 
EDZ KM3 UCS VGN 44.68 51.37 51.26 48.05 50.95 51.75 48.77 51.23 52.72 49.22 51.18 51.95 49.17 50.57 52.80 49.54 50.97 52.18 
EDZ KM4 UCS VGN 44.56 54.19 49.99 45.56 53.89 50.25 49.64 54.71 52.02 54.51 54.26 54.43 53.36 54.94 54.86 53.20 54.75 56.40 
EDZ KM5 UCS VGN 40.55 80.78 49.53 44.96 81.56 50.47 48.38 82.26 51.29 49.45 81.91 53.22 50.85 81.37 54.19 52.06 82.83 54.52 
EDZ KM6 UCS VGN 39.97 71.01 56.40 45.36 70.87 57.34 45.52 72.31 58.59 48.67 72.05 59.53 49.07 72.11 60.28 49.74 72.73 61.24 
EDZ KM7 UCS VGN 42.90 67.35 53.21 46.50 67.18 54.99 46.69 68.89 56.24 49.77 67.48 56.55 50.72 67.74 57.73 53.28 68.05 57.35 
EDZ KM8 UCS VGN 44.08 57.88 51.85 46.34 57.00 53.22 46.21 57.08 52.46 45.81 56.29 55.05 46.38 56.01 56.93 46.94 55.27 56.57 
EDZ KM9 UCS VGN 41.67 48.67 59.44 44.97 47.69 60.56 47.13 48.32 62.68 48.13 51.86 62.84 48.65 52.54 63.60 50.41 53.51 64.09 
EDZ KM10 UCS VGN 44.97 63.05 54.55 45.92 62.52 56.06 48.42 62.57 56.91 48.12 63.44 58.52 51.01 62.84 58.59 50.49 63.96 58.94 
EDZ KM11 UCS VGN 48.76 56.99 44.34 49.06 56.50 45.92 50.56 56.47 46.39 51.52 57.12 48.33 50.99 56.57 49.62 51.09 59.11 49.27 
EDZ KM12 UCS VGN 46.34 50.58 39.41 47.49 50.05 39.33 48.95 51.04 40.55 50.24 50.98 42.41 51.04 51.60 42.67 51.75 53.37 43.35 
EDZ KM13 UCS VGN 49.53 51.69 42.61 49.88 51.77 43.08 51.39 51.49 44.13 52.58 51.89 45.02 55.01 51.86 45.71 54.97 52.78 46.98 
EDZ KM14 UCS VGN 53.20 57.77 41.68 53.80 57.41 42.34 54.29 57.13 42.85 57.65 59.30 43.61 55.78 59.90 44.40 60.28 59.29 43.91 
EDZ KM15 UCS VGN 51.33 56.67 42.49 55.96 56.74 43.52 56.01 56.82 44.80 56.41 58.04 46.66 56.03 58.18 47.11 55.30 58.92 48.87 
EDZ KM16 UCS VGN 48.64 59.96 40.93 50.94 60.86 43.62 54.70 60.31 43.75 53.95 60.51 45.94 56.65 62.06 47.09 56.17 60.58 46.68 
EDZ KM17 UCS VGN 47.94 49.31 37.69 48.85 49.35 38.25 48.46 49.88 39.49 50.54 50.07 41.77 52.42 50.40 42.04 52.48 50.82 42.62 
EDZ KM18 UCS VGN 47.28 49.42 42.05 47.82 48.36 42.40 49.01 48.90 43.82 47.68 49.22 43.93 50.25 50.95 46.02 50.57 50.80 46.66 
EDZ KM19 UCS VGN 51.52 58.34 42.34 52.47 59.49 43.80 51.87 59.80 44.57 54.23 59.92 44.75 54.85 60.23 45.30 53.70 60.94 46.54 
EDZ KM20 UCS VGN 45.78 48.18 38.15 48.51 48.39 39.76 47.27 48.05 40.11 50.07 48.35 41.34 51.60 48.77 41.56 52.15 50.14 41.60 
EDZ KM21 UCS PGR 43.66 49.91 43.03 46.32 48.98 42.78 46.48 48.42 42.91 53.95 49.32 44.57 53.35 49.42 47.47 54.61 48.82 47.53 
EDZ KM22 UCS PGR 43.11 39.19 42.86 45.82 38.34 43.54 47.77 37.72 44.53 48.89 38.71 43.72 52.80 38.81 43.60 53.41 41.33 43.51 
EDZ KM23 UCS PGR 47.09 47.58 43.90 48.96 47.37 45.68 48.20 47.76 46.93 51.27 46.97 46.96 52.43 47.94 48.18 54.61 49.19 47.91 
EDZ KM24 UCS PGR 47.33 50.11 48.89 46.86 50.56 50.85 49.25 50.37 50.35 53.45 50.04 52.01 52.94 49.85 52.27 53.19 50.62 51.90 
EDZ KM25 UCS PGR 46.76 51.66 41.97 47.89 52.20 42.75 48.73 52.61 43.73 52.40 52.71 45.15 52.97 54.40 44.88 53.47 55.06 46.87 
EDZ KM26 UCS PGR 45.91 49.19 45.95 47.36 47.98 46.03 49.47 47.29 46.45 50.69 48.45 48.20 52.95 49.97 49.51 54.67 49.62 50.34 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK E_0_AX E_0_AC E_0_BD E_2_AX E_2_AC E_2_BD E_5_AX E_5_AC E_5_BD E_10_AX E_10_AC E_10_BD E_15_AX E_15_AC E_15_BD E_20_AX E_20_AC E_20_BD 
  [GPa] 
EDZ KM1 UCS VGN 68.10 68.36 60.86 69.94 69.29 59.22 71.36 70.49 61.57 72.52 71.30 63.50 73.69 72.44 63.75 74.42 72.60 64.59 
EDZ KM2 UCS VGN 66.21 74.83 67.12 67.37 75.41 69.32 68.43 76.88 70.32 69.62 78.07 72.30 70.82 79.56 73.07 71.82 80.50 74.68 
EDZ KM3 UCS VGN 65.89 70.92 72.67 66.95 71.27 73.38 67.91 72.21 74.21 69.24 74.02 76.88 70.38 75.58 77.58 71.06 75.68 78.26 
EDZ KM4 UCS VGN 65.72 75.41 68.52 66.67 77.27 69.53 68.10 78.78 70.32 70.15 80.03 72.55 71.51 81.58 72.93 72.29 82.24 73.68 
EDZ KM5 UCS VGN 63.41 72.44 59.56 64.71 73.13 60.16 65.85 73.66 61.68 67.94 74.57 63.67 69.10 75.32 64.82 70.00 76.11 66.43 
EDZ KM6 UCS VGN 62.67 68.28 61.93 65.17 69.67 62.90 66.22 70.40 63.56 68.61 71.55 65.58 69.57 72.16 66.21 70.60 72.53 67.13 
EDZ KM7 UCS VGN 63.05 69.28 64.14 64.83 70.41 64.80 66.28 71.20 66.28 68.62 72.66 67.39 69.47 73.46 68.53 70.43 73.81 69.03 
EDZ KM8 UCS VGN 56.63 64.53 57.19 57.53 65.95 57.80 59.93 67.42 58.57 61.66 68.39 59.81 63.09 69.18 60.98 63.59 69.90 61.88 
EDZ KM9 UCS VGN 61.78 57.46 64.98 63.11 59.26 65.78 64.74 60.61 66.71 67.01 62.26 68.37 68.40 63.96 69.74 68.99 63.87 70.82 
EDZ KM10 UCS VGN 62.48 69.83 64.20 64.22 71.50 65.06 65.96 72.40 65.57 67.35 73.44 66.99 68.81 74.27 68.22 69.36 74.76 69.10 
EDZ KM11 UCS VGN 74.36 73.68 63.31 74.92 73.89 64.15 75.80 74.82 64.50 77.06 75.42 66.32 77.96 75.79 66.71 78.51 76.43 67.57 
EDZ KM12 UCS VGN 69.50 76.46 54.92 70.01 77.09 55.19 70.69 77.97 55.74 72.37 78.12 56.41 73.74 79.07 58.27 74.63 79.36 59.03 
EDZ KM13 UCS VGN 69.34 77.26 57.76 69.85 77.75 58.47 70.85 78.31 59.10 72.25 78.89 60.79 73.45 80.02 61.38 74.17 80.59 62.54 
EDZ KM14 UCS VGN 76.84 86.08 62.70 77.23 86.18 63.09 78.12 87.03 63.45 79.66 88.33 63.86 80.33 88.67 64.52 81.58 88.90 65.36 
EDZ KM15 UCS VGN 74.45 84.60 60.40 75.96 84.62 60.84 77.23 85.35 61.56 77.84 86.38 62.39 79.87 86.79 63.40 82.17 86.97 63.98 
EDZ KM16 UCS VGN 71.62 74.38 59.35 73.33 75.90 62.16 74.87 76.43 63.34 76.21 77.89 65.76 77.82 78.33 67.02 78.51 79.53 67.95 
EDZ KM17 UCS VGN 73.14 80.92 61.06 74.33 81.26 61.11 74.95 81.76 62.12 76.48 83.52 63.41 78.24 84.15 64.42 78.78 84.63 65.04 
EDZ KM18 UCS VGN 71.98 78.07 61.75 72.59 78.89 62.29 74.33 79.85 63.08 75.44 80.44 64.52 77.08 81.95 65.49 77.75 82.76 67.14 
EDZ KM19 UCS VGN 71.06 78.63 59.35 71.71 79.52 60.20 72.50 79.91 60.80 75.38 80.94 62.64 77.01 81.69 64.17 77.76 82.88 66.15 
EDZ KM20 UCS VGN 67.33 73.95 62.75 68.60 74.59 62.99 69.19 76.15 63.89 70.95 77.47 65.43 73.16 78.38 66.47 73.76 79.57 67.37 
EDZ KM21 UCS PGR 62.74 56.47 57.16 63.90 57.99 57.52 64.13 59.63 58.39 66.55 62.28 59.58 67.71 63.25 61.03 68.81 64.72 62.66 
EDZ KM22 UCS PGR 65.13 60.31 62.00 66.61 62.20 63.69 68.13 63.76 65.02 69.93 66.39 67.74 71.47 67.57 70.81 72.06 69.17 71.48 
EDZ KM23 UCS PGR 62.91 65.70 61.55 64.26 67.05 62.39 64.92 68.06 62.88 66.55 70.03 64.57 68.50 71.11 66.20 69.92 71.12 67.30 
EDZ KM24 UCS PGR 62.43 69.04 63.19 63.71 70.23 64.52 65.61 70.47 65.43 67.90 71.53 66.24 68.47 72.93 67.86 68.96 73.71 68.86 
EDZ KM25 UCS PGR 63.24 63.77 60.24 64.06 65.09 60.86 65.03 65.67 61.99 66.98 66.46 64.20 68.17 67.28 66.12 68.92 68.19 66.84 
EDZ KM26 UCS PGR 62.89 62.33 58.50 63.98 64.63 60.04 66.04 65.49 60.79 67.12 68.34 62.74 69.32 69.07 63.70 70.32 70.51 65.09 
 
 
 
 
 
APPENDIX E: All data by specimen 
SPECIMEN ROCK P_UCS S_UCS PS_UCS AI_UCS SI_UCS PI_UCS NY_UCS G_UCS M_UCS K_UCS E_UCS L_UCS CI CD UCS CI_TO_UCS CD_TO_UCS 
  [m/s] [m/s] [-] [MPa*s / m] [MPa*s / m] [MPa*s / m] [-] [GPa] [GPa] [GPa] [GPa] [GPa] [MPa] [MPa] [MPa] [-] [-] 
EDZ KM1 UCS VGN 6778.72 2920.90 2.32 18.66 8.04 7.32 0.386 23.48 126.49 95.18 65.10 79.52 40.00 76.00 104.50 0.38 0.73 
EDZ KM2 UCS VGN 5340.59 2786.32 1.92 14.70 7.67 3.89 0.313 21.36 78.48 50.00 56.10 35.76 36.00 82.00 114.20 0.32 0.72 
EDZ KM3 UCS VGN 5019.42 3044.47 1.65 13.66 8.29 1.98 0.209 25.23 68.57 34.94 61.00 18.12 24.00 110.00 119.30 0.20 0.92 
EDZ KM4 UCS VGN 5990.59 2712.93 2.21 16.39 7.42 5.92 0.371 20.13 98.16 71.32 55.20 57.90 31.00 90.00 101.40 0.31 0.89 
EDZ KM5 UCS VGN 6031.78 2599.05 2.32 16.62 7.16 6.52 0.386 18.61 100.26 75.44 51.60 63.03 55.00 82.00 91.00 0.60 0.90 
EDZ KM6 UCS VGN 6186.23 2636.74 2.35 17.04 7.26 6.80 0.389 19.15 105.41 79.88 53.20 67.11 33.00 74.00 110.50 0.30 0.67 
EDZ KM7 UCS VGN 5619.11 2719.92 2.07 15.48 7.49 4.91 0.347 20.38 86.98 59.80 54.90 46.22 51.00 104.00 110.60 0.46 0.94 
EDZ KM8 UCS VGN 4653.97 2513.94 1.85 12.69 6.86 3.02 0.294 17.23 59.06 36.08 44.60 24.60 36.00 68.00 77.00 0.47 0.88 
EDZ KM9 UCS VGN 5891.29 2755.40 2.14 16.06 7.51 5.47 0.360 20.70 94.62 67.02 56.30 53.22 52.00 116.00 125.80 0.41 0.92 
EDZ KM10 UCS VGN 5317.62 2735.89 1.94 14.64 7.53 4.02 0.320 20.61 77.85 50.37 54.40 36.63 52.00 104.00 113.00 0.46 0.92 
EDZ KM11 UCS VGN 5740.81 2819.87 2.04 15.72 7.72 4.83 0.341 21.77 90.25 61.22 58.40 46.70 57.00 87.00 97.70 0.58 0.89 
EDZ KM12 UCS VGN 5360.49 2746.63 1.95 14.73 7.55 4.09 0.322 20.73 78.95 51.31 54.80 37.49 48.00 68.00 76.80 0.63 0.89 
EDZ KM13 UCS VGN 5536.70 2757.93 2.01 15.24 7.59 4.54 0.335 20.94 84.38 56.46 55.90 42.51 60.00 78.00 89.30 0.67 0.87 
EDZ KM14 UCS VGN 6248.40 2820.94 2.22 17.34 7.83 6.30 0.372 22.08 108.35 78.91 60.60 64.18 53.00 98.00 104.80 0.51 0.94 
EDZ KM15 UCS VGN 6038.47 2743.02 2.20 16.81 7.64 6.04 0.370 20.95 101.52 73.59 57.40 59.62 56.00  87.00 0.64  
EDZ KM16 UCS VGN 5415.50 2780.54 1.95 14.87 7.64 4.11 0.321 21.23 80.55 52.23 56.10 38.08 50.00 90.00 97.10 0.51 0.93 
EDZ KM17 UCS VGN 5533.12 3034.14 1.82 15.18 8.32 3.44 0.285 25.25 83.98 50.31 64.90 33.47 60.00 83.00 96.60 0.62 0.86 
EDZ KM18 UCS VGN 5465.77 3086.11 1.77 14.89 8.41 3.04 0.266 25.95 81.39 46.79 65.70 29.50 63.00 99.00 120.40 0.52 0.82 
EDZ KM19 UCS VGN 5510.18 2924.08 1.88 15.02 7.97 3.78 0.304 23.31 82.78 51.70 60.80 36.16 27.00 66.00 74.60 0.36 0.88 
EDZ KM20 UCS VGN 5713.11 2758.48 2.07 15.57 7.52 4.97 0.348 20.73 88.94 61.29 55.90 47.47 44.00 77.00 83.40 0.53 0.92 
EDZ KM21 UCS PGR 5547.01 3172.25 1.75 14.58 8.34 2.82 0.257 26.45 80.88 45.61 66.50 27.98 45.00 140.00 154.50 0.29 0.91 
EDZ KM22 UCS PGR 5450.05 3150.77 1.73 14.37 8.31 2.66 0.249 26.18 78.33 43.43 65.40 25.97 41.00 117.00 136.10 0.30 0.86 
EDZ KM23 UCS PGR 5871.99 3104.61 1.89 15.46 8.18 3.94 0.306 25.38 90.80 56.96 66.30 40.04 90.00  181.80 0.50  
EDZ KM24 UCS PGR 5685.70 3092.17 1.84 14.91 8.11 3.48 0.290 25.08 84.79 51.35 64.70 34.63 50.00 140.00 150.00 0.33 0.93 
EDZ KM25 UCS PGR 5803.67 3107.72 1.87 15.27 8.17 3.74 0.299 25.40 88.60 54.73 66.00 37.79 72.00 152.00 173.10 0.42 0.88 
EDZ KM26 UCS PGR 5467.75 3041.33 1.80 14.34 7.98 3.09 0.276 24.26 78.40 46.06 61.90 29.89   135.20   
 
 
 
 
 
APPENDIX F: Descriptive statistics 
Table F.1: Descriptive statistics for density in kg/m3. Min is minimum value, Q1 is first quartile value, 
Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile range, 
SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 2354 2604 2624 2642 2667 2991 63 85 4.5 358 
Previous ONKALO data VGN 2562 2707 2734 2742 2767 3138 61 83 3.5 544 
Previous ONKALO data DGN 2514 2682 2724 2737 2771 3996 90 111 5.4 419 
Current data PGR 2595 2620 2629 2630 2633 2714 13 22 3.4 40 
Current data VGN 2658 2712 2732 2730 2747 2784 35 25 2.8 79 
Current data DGN 2695 2706 2720 2724 2738 2777 32 22 6.2 13 
Current data VGN 0.0-0.2 m 2693 2714 2735 2729 2740 2756 25 20 6.2 10 
Current data VGN 0.2-0.4 m 2690 2720 2735 2732 2746 2771 26 21 5.3 16 
Current data VGN 0.4-0.6 m 2698 2714 2727 2733 2747 2775 33 24 6.6 13 
Current data VGN 0.6-0.8 m 2702 2714 2724 2730 2749 2770 36 23 7.2 10 
Current data VGN 0.8-1.2 m 2678 2706 2731 2732 2753 2784 48 33 8.8 14 
Current data VGN 1.2+ m 2658 2716 2727 2726 2748 2760 33 28 7.1 16 
Current data PGR 0.0-0.2 m 2608 2615 2625 2622 2628 2635 13 10 4.2 6 
Current data PGR 0.2-0.4 m 2595 2615 2630 2624 2632 2642 17 15 4.4 12 
Current data PGR 0.4-0.6 m 2611 2628 2633 2636 2636 2690 8 23 8.2 8 
Current data PGR 0.6-0.8 m 2620 2624 2631 2641 2638 2714 15 33 12.5 7 
Current data PGR 0.8+ m 2605 2619 2622 2627 2627 2670 8 21 7.8 7 
 
 
Table F.2: Descriptive statistics for porosity in vol-%. Min is minimum value, Q1 is first quartile 
value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile 
range, SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 0.12 0.31 0.46 0.52 0.62 3.00 0.31 0.32 0.019 270 
Previous ONKALO data VGN 0.00 0.20 0.37 0.52 0.60 3.94 0.40 0.51 0.024 444 
Previous ONKALO data DGN 0.05 0.31 0.52 0.72 0.88 6.80 0.57 0.71 0.037 363 
Current data PGR 0.24 0.32 0.38 0.38 0.43 0.75 0.11 0.10 0.016 40 
Current data VGN 0.18 0.25 0.31 0.35 0.40 0.81 0.15 0.14 0.016 79 
Current data DGN 0.24 0.28 0.40 0.40 0.49 0.64 0.21 0.13 0.036 13 
Current data VGN 0.0-0.2 m 0.22 0.24 0.26 0.36 0.38 0.81 0.14 0.20 0.063 10 
Current data VGN 0.2-0.4 m 0.18 0.21 0.35 0.36 0.44 0.70 0.22 0.17 0.043 16 
Current data VGN 0.4-0.6 m 0.18 0.26 0.33 0.34 0.39 0.53 0.13 0.10 0.028 13 
Current data VGN 0.6-0.8 m 0.20 0.23 0.26 0.30 0.36 0.55 0.13 0.11 0.035 10 
Current data VGN 0.8-1.2 m 0.22 0.25 0.29 0.29 0.33 0.42 0.08 0.06 0.016 14 
Current data VGN 1.2+ m 0.23 0.28 0.37 0.40 0.45 0.77 0.18 0.16 0.040 16 
Current data PGR 0.0-0.2 m 0.28 0.32 0.36 0.45 0.55 0.75 0.23 0.19 0.078 6 
Current data PGR 0.2-0.4 m 0.24 0.27 0.36 0.34 0.41 0.43 0.14 0.07 0.020 12 
Current data PGR 0.4-0.6 m 0.26 0.38 0.41 0.39 0.42 0.44 0.04 0.06 0.021 8 
Current data PGR 0.6-0.8 m 0.26 0.35 0.45 0.41 0.46 0.50 0.11 0.09 0.034 7 
Current data PGR 0.8+ m 0.30 0.34 0.35 0.37 0.42 0.44 0.08 0.06 0.023 7 
 
 
 
 
 
 
 
APPENDIX F: Descriptive statistics 
Table F.3: Descriptive statistics for resistivities in Ωm. Min is minimum value, Q1 is first quartile 
value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile 
range, SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
Resistivity R0.1 Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 188 8520 16300 26453 27100 472170 18580 45949 2802 269 
Previous ONKALO data VGN 0 10028 22750 73402 61800 2042772 51773 150967 7165 444 
Previous ONKALO data DGN 9 6775 15500 51332 34375 942538 27600 106169 5580 362 
Current data PGR 1810 5943 6965 7244 8745 14600 2803 2410 413 34 
Current data VGN 5310 10750 16500 23414 30950 101000 20200 20165 2625 59 
Current data DGN 9620 14700 17500 19632 23700 36300 9000 7586 2104 13 
Current data VGN 0.0-0.2 m 11900 15500 18850 20950 23375 36300 7875 8556 2706 10 
Current data VGN 0.2-0.4 m 5310 10400 14100 20979 36500 39500 26100 13583 3507 15 
Current data VGN 0.4-0.6 m 8540 10248 15000 21477 20700 80300 10453 19948 5759 12 
Current data VGN 0.6-0.8 m 7190 12200 16500 30584 33000 100000 20800 33049 12491 7 
Current data VGN 0.8-1.2 m 10700 12950 14800 22400 31450 42500 18500 13761 5201 7 
Current data VGN 1.2+ m 5620 6860 17100 28578 31150 101000 24290 32732 11573 8 
Current data PGR 0.0-0.2 m 1810 1920 4780 4020 5330 6260 3410 2037 911 5 
Current data PGR 0.2-0.4 m 5050 5890 6785 7722 9130 14600 3240 2713 783 12 
Current data PGR 0.4-0.6 m 5920 6965 7190 7491 7925 9550 960 1139 431 7 
Current data PGR 0.6-0.8 m 5530 6830 8110 8120 9578 10500 2748 1925 786 6 
Current data PGR 0.8+ m 6870 7178 7855 8093 8770 9790 1593 1310 655 4 
Resistivity R10           
Previous ONKALO data PGR 34 7940 15475 21979 25600 243000 17660 25444 1551 269 
Previous ONKALO data VGN 0 8680 21100 56700 52031 808937 43351 98995 4714 441 
Previous ONKALO data DGN 9 5580 13900 38724 29700 640926 24120 80079 4262 353 
Current data PGR 1850 5843 6825 7099 8415 14300 2573 2319 398 34 
Current data VGN 4870 10650 15300 20941 28200 87600 17550 16777 2184 59 
Current data DGN 9010 12800 17100 18147 22700 33700 9900 7164 1987 13 
Current data VGN 0.0-0.2 m 11200 14700 17500 19220 21375 31500 6675 7249 2292 10 
Current data VGN 0.2-0.4 m 4870 10025 12400 19058 32500 37100 22475 12239 3160 15 
Current data VGN 0.4-0.6 m 7810 9663 14400 19374 18875 68600 9213 16913 4882 12 
Current data VGN 0.6-0.8 m 6990 11700 15900 27356 28800 87600 17100 28355 10717 7 
Current data VGN 0.8-1.2 m 9930 12150 13900 20247 28150 37300 16000 11793 4457 7 
Current data VGN 1.2+ m 5050 6433 15545 23969 27475 78500 21043 25277 8937 8 
Current data PGR 0.0-0.2 m 1850 1940 4640 3992 5380 6150 3440 1988 889 5 
Current data PGR 0.2-0.4 m 5190 6200 6625 7585 8773 14300 2573 2576 743 12 
Current data PGR 0.4-0.6 m 5740 6825 6970 7331 7805 9350 980 1138 430 7 
Current data PGR 0.6-0.8 m 5340 6820 7930 8007 9475 10400 2655 1931 788 6 
Current data PGR 0.8+ m 6650 6928 7530 7753 8355 9300 1428 1187 594 4 
Resistivity R500           
Previous ONKALO data PGR 45 7510 14280 18572 23886 113000 16376 16461 1004 269 
Previous ONKALO data VGN 0 7989 18100 40102 42100 753150 34111 73860 3517 441 
Previous ONKALO data DGN 9 4820 12400 30554 25200 477150 20380 67121 3572 353 
Current data PGR 1800 5600 6595 6834 8070 13700 2470 2191 376 34 
Current data VGN 4210 9970 13800 17560 23550 63000 13580 12082 1573 59 
Current data DGN 8270 10700 15800 15964 19800 28000 9100 6021 1670 13 
Current data VGN 0.0-0.2 m 10200 13725 15600 16960 18475 27300 4750 5784 1829 10 
Current data VGN 0.2-0.4 m 4210 9075 10900 16403 27250 32200 18175 10351 2673 15 
Current data VGN 0.4-0.6 m 7080 8948 13250 16292 16725 50400 7778 12100 3493 12 
Current data VGN 0.6-0.8 m 6640 10870 14700 21926 23700 63000 12830 19467 7358 7 
Current data VGN 0.8-1.2 m 9000 11250 12800 17457 23650 30600 12400 9052 3421 7 
Current data VGN 1.2+ m 4480 6098 13415 18653 22400 55000 16303 17333 6128 8 
Current data PGR 0.0-0.2 m 1800 1920 4500 3888 5260 5960 3340 1922 860 5 
Current data PGR 0.2-0.4 m 5140 6048 6435 7319 8385 13700 2338 2411 696 12 
Current data PGR 0.4-0.6 m 5480 6595 6720 7063 7550 8950 955 1093 413 7 
Current data PGR 0.6-0.8 m 5110 6543 7590 7657 9058 9910 2515 1830 747 6 
Current data PGR 0.8+ m 6430 6670 7190 7430 7950 8910 1280 1109 555 4 
 
 
 
APPENDIX F: Descriptive statistics 
Table F.4: Descriptive statistics for IP estimates PL and PT in %. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
PL Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 0.0 2.6 3.8 7.3 6.1 81.9 3.5 11.3 0.69 269 
Previous ONKALO data VGN 0.0 4.5 8.9 13.2 16.8 100.0 12.3 13.8 0.65 444 
Previous ONKALO data DGN 0.0 4.3 8.8 15.9 19.7 100.0 15.4 19.6 1.03 362 
Current data PGR 0.0 1.4 2.1 2.1 3.1 5.0 1.7 1.4 0.24 34 
Current data VGN 0.0 6.0 8.1 8.4 10.5 22.3 4.5 4.2 0.55 59 
Current data DGN 2.3 6.3 7.3 7.8 9.7 16.3 3.4 3.6 0.99 13 
Current data VGN 0.0-0.2 m 3.4 6.0 6.6 7.3 8.9 13.2 3.0 2.8 0.89 10 
Current data VGN 0.2-0.4 m 0.0 6.1 8.6 8.7 11.5 16.0 5.4 4.3 1.10 15 
Current data VGN 0.4-0.6 m 1.2 7.3 8.1 8.2 9.2 14.7 1.8 3.9 1.12 12 
Current data VGN 0.6-0.8 m 2.8 3.1 3.6 6.7 8.8 17.0 5.7 5.7 2.14 7 
Current data VGN 0.8-1.2 m 5.1 6.6 7.4 8.3 10.0 12.2 3.3 2.7 1.02 7 
Current data VGN 1.2+ m 4.9 8.3 9.6 10.9 11.4 22.3 3.1 5.5 1.94 8 
Current data PGR 0.0-0.2 m 0.0 0.0 0.0 0.9 1.8 2.9 1.8 1.4 0.60 5 
Current data PGR 0.2-0.4 m 0.0 1.5 2.2 2.2 2.9 4.0 1.3 1.4 0.39 12 
Current data PGR 0.4-0.6 m 1.4 1.8 2.1 2.2 2.6 3.1 0.8 0.7 0.25 7 
Current data PGR 0.6-0.8 m 0.0 0.7 1.4 1.6 2.4 3.4 1.7 1.3 0.53 6 
Current data PGR 0.8+ m 3.2 3.5 4.1 4.1 4.7 5.0 1.3 0.9 0.43 4 
PT           
Previous ONKALO data PGR 0.0 7.2 9.8 15.1 13.9 87.5 6.6 15.1 0.92 269 
Previous ONKALO data VGN 0.0 13.5 24.3 28.7 38.8 100.0 25.3 19.4 0.92 444 
Previous ONKALO data DGN 0.0 12.1 22.6 28.6 40.1 100.0 28.0 22.0 1.15 362 
Current data PGR 0.0 4.5 5.6 5.3 7.1 10.0 2.6 2.6 0.44 34 
Current data VGN 4.7 13.3 18.3 19.5 23.4 45.5 10.1 8.6 1.12 59 
Current data DGN 9.7 14.4 17.3 18.4 21.6 30.1 7.2 5.4 1.50 13 
Current data VGN 0.0-0.2 m 9.9 14.3 15.1 17.2 20.9 28.9 6.6 6.0 1.90 10 
Current data VGN 0.2-0.4 m 4.7 17.9 21.1 20.4 24.5 33.1 6.5 7.1 1.83 15 
Current data VGN 0.4-0.6 m 7.3 16.6 17.7 19.1 21.3 37.2 4.7 8.0 2.31 12 
Current data VGN 0.6-0.8 m 7.7 9.3 10.9 17.6 24.6 37.0 15.4 13.2 5.00 7 
Current data VGN 0.8-1.2 m 12.4 13.7 15.9 18.6 23.0 28.3 9.3 6.8 2.57 7 
Current data VGN 1.2+ m 10.6 16.2 21.7 23.5 26.4 45.5 10.2 11.9 4.22 8 
Current data PGR 0.0-0.2 m 0.0 0.6 1.3 2.5 4.8 5.9 4.2 2.7 1.19 5 
Current data PGR 0.2-0.4 m 0.0 4.3 5.4 5.1 6.5 10.0 2.2 2.9 0.85 12 
Current data PGR 0.4-0.6 m 4.4 5.0 5.6 5.8 6.4 7.4 1.4 1.0 0.39 7 
Current data PGR 0.6-0.8 m 3.9 4.9 5.3 5.8 7.1 7.6 2.2 1.5 0.62 6 
Current data PGR 0.8+ m 6.4 7.1 8.1 8.0 9.1 9.5 2.1 1.5 0.73 4 
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Table F.5: Descriptive statistics for relative permittivity in SI and theoretical radar velocity in m/µs. 
Min is minimum value, Q1 is first quartile value, Med is median value, Q3 is third quartile value, 
Max is maximum value, IQR is interquartile range, SD is standard deviation, SEM is standard error 
of the mean, and N is sample size. 
Relative permittivity Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous ONKALO data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous ONKALO data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 5.0 5.3 5.5 5.5 5.7 6.5 0.3 0.3 0.05 40 
Current data VGN 5.4 5.7 6.2 6.2 6.4 7.7 0.8 0.6 0.06 78 
Current data DGN 5.6 5.7 5.8 5.9 5.9 6.4 0.2 0.3 0.11 6 
Current data VGN 0.0-0.2 m 5.4 5.9 6.2 6.1 6.3 6.4 0.5 0.4 0.11 10 
Current data VGN 0.2-0.4 m 5.5 6.1 6.3 6.4 6.8 7.3 0.7 0.5 0.13 16 
Current data VGN 0.4-0.6 m 5.5 6.1 6.3 6.4 6.6 7.4 0.5 0.5 0.15 13 
Current data VGN 0.6-0.8 m 5.5 5.8 6.2 6.1 6.4 6.6 0.6 0.4 0.11 10 
Current data VGN 0.8-1.2 m 5.4 5.6 5.6 6.0 6.3 7.5 0.7 0.7 0.18 13 
Current data VGN 1.2+ m 5.4 5.6 6.0 6.1 6.3 7.7 0.7 0.7 0.18 16 
Current data PGR 0.0-0.2 m 5.3 5.5 5.5 5.6 5.7 6.2 0.2 0.3 0.12 6 
Current data PGR 0.2-0.4 m 5.3 5.3 5.4 5.5 5.7 5.8 0.4 0.2 0.06 12 
Current data PGR 0.4-0.6 m 5.3 5.5 5.5 5.6 5.6 6.1 0.1 0.2 0.08 8 
Current data PGR 0.6-0.8 m 5.2 5.4 5.6 5.7 5.8 6.5 0.5 0.4 0.16 7 
Current data PGR 0.8+ m 5.0 5.2 5.3 5.3 5.3 5.4 0.1 0.1 0.05 7 
Theoretical radar velocity           
Previous ONKALO data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous ONKALO data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous ONKALO data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 118.0 126.0 128.0 127.7 130.1 134.0 4.0 3.2 0.51 40 
Current data VGN 107.8 118.1 120.8 120.9 125.7 128.9 7.6 5.3 0.60 78 
Current data DGN 118.6 123.5 124.4 123.8 125.7 126.3 2.3 2.8 1.15 6 
Current data VGN 0.0-0.2 m 118.1 119.1 120.1 121.7 123.9 128.9 4.8 3.6 1.14 10 
Current data VGN 0.2-0.4 m 111.2 115.3 119.6 119.0 121.6 127.9 6.4 4.9 1.22 16 
Current data VGN 0.4-0.6 m 109.9 116.4 119.1 119.1 121.0 127.9 4.6 5.0 1.38 13 
Current data VGN 0.6-0.8 m 116.8 118.9 120.4 121.6 124.7 127.5 5.8 3.7 1.17 10 
Current data VGN 0.8-1.2 m 109.6 119.8 126.3 122.8 126.8 128.9 7.0 6.2 1.71 13 
Current data VGN 1.2+ m 107.8 119.8 122.7 121.9 126.8 128.9 7.0 6.5 1.62 16 
Current data PGR 0.0-0.2 m 120.9 125.6 127.5 126.5 128.0 129.7 2.4 3.1 1.27 6 
Current data PGR 0.2-0.4 m 124.4 125.4 128.9 127.8 129.9 130.5 4.5 2.4 0.68 12 
Current data PGR 0.4-0.6 m 121.6 126.8 127.4 127.1 127.9 130.7 1.2 2.6 0.91 8 
Current data PGR 0.6-0.8 m 118.0 124.2 126.2 126.2 129.6 131.7 5.4 4.7 1.78 7 
Current data PGR 0.8+ m 128.5 130.0 130.7 130.9 131.4 134.0 1.4 1.7 0.66 7 
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Table F.6: Descriptive statistics for magnetic susceptibility in 10-6 SI, remanent magnetisation in 
mA/m and Q-ratio in SI. Min is minimum value, Q1 is first quartile value, Med is median value, Q3 is 
third quartile value, Max is maximum value, IQR is interquartile range, SD is standard deviation, 
SEM is standard error of the mean, and N is sample size. 
Magnetic susceptibility Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR -50 20 45 752 168 42990 148 3564 207.8 294 
Previous ONKALO data VGN -20 230 330 1412 480 29430 250 3528 164.0 463 
Previous ONKALO data DGN -50 190 340 1539 730 34930 540 3712 191.2 377 
Current data PGR 7 32 41 52 49 259 17 49 8.4 34 
Current data VGN 121 249 300 297 347 432 98 70 9.1 59 
Current data DGN 203 244 258 282 319 431 75 64 17.8 13 
Current data VGN 0.0-0.2 m 121 196 270 260 329 367 133 81 25.7 10 
Current data VGN 0.2-0.4 m 166 290 317 306 347 384 57 62 16.0 15 
Current data VGN 0.4-0.6 m 212 273 293 309 358 401 85 62 18.0 12 
Current data VGN 0.6-0.8 m 194 234 250 291 351 422 117 89 33.8 7 
Current data VGN 0.8-1.2 m 218 240 291 293 342 377 102 63 23.7 7 
Current data VGN 1.2+ m 204 268 303 313 359 432 91 74 26.1 8 
Current data PGR 0.0-0.2 m 32 36 39 40 46 49 10 7 3.2 5 
Current data PGR 0.2-0.4 m 14 30 45 48 60 103 30 26 7.4 12 
Current data PGR 0.4-0.6 m 25 32 38 60 45 203 13 64 24.0 7 
Current data PGR 0.6-0.8 m 7 25 40 70 52 259 26 94 38.3 6 
Current data PGR 0.8+ m 20 36 44 39 46 47 10 13 6.4 4 
Remanent magnetisation           
Previous ONKALO data PGR 0 20 30 659 60 52000 40 3782 220.5 294 
Previous ONKALO data VGN 0 20 40 1367 80 75520 60 5522 256.6 463 
Previous ONKALO data DGN 0 20 40 1522 260 117670 240 7138 367.6 377 
Current data PGR 7 13 20 18 23 27 11 6 1.0 34 
Current data VGN 4 15 20 21 28 62 13 10 1.3 59 
Current data DGN 5 16 23 23 27 48 11 12 3.4 13 
Current data VGN 0.0-0.2 m 10 15 18 18 22 24 6 5 1.5 10 
Current data VGN 0.2-0.4 m 4 17 22 23 29 42 12 10 2.5 15 
Current data VGN 0.4-0.6 m 8 12 20 20 25 31 13 8 2.4 12 
Current data VGN 0.6-0.8 m 12 13 15 18 20 32 6 7 2.8 7 
Current data VGN 0.8-1.2 m 5 20 28 29 34 62 14 18 6.7 7 
Current data VGN 1.2+ m 4 10 21 19 28 34 18 12 4.1 8 
Current data PGR 0.0-0.2 m 10 12 13 15 20 20 8 5 2.1 5 
Current data PGR 0.2-0.4 m 7 15 22 18 23 24 8 6 1.9 12 
Current data PGR 0.4-0.6 m 7 12 18 16 20 23 7 6 2.1 7 
Current data PGR 0.6-0.8 m 18 21 23 22 23 27 2 3 1.3 6 
Current data PGR 0.8+ m 12 16 18 18 21 24 5 5 2.5 4 
Q-ratio           
Previous ONKALO data PGR -314.8 4.4 12.1 18.0 24.2 242.1 19.8 44.1 2.65 277 
Previous ONKALO data VGN -169.5 1.9 3.6 8.6 10.3 199.3 8.5 22.2 1.04 455 
Previous ONKALO data DGN -121.1 2.2 5.1 10.2 14.5 145.3 12.3 17.3 0.89 374 
Current data PGR 1.7 6.3 10.2 13.9 13.9 75.7 7.6 13.9 2.39 34 
Current data VGN 0.3 1.2 1.8 1.9 2.3 6.1 1.2 1.1 0.14 59 
Current data DGN 0.3 1.2 1.9 2.2 2.7 5.0 1.6 1.4 0.38 13 
Current data VGN 0.0-0.2 m 1.0 1.2 1.7 1.9 2.3 4.0 1.1 0.9 0.29 10 
Current data VGN 0.2-0.4 m 0.3 1.3 1.7 2.0 2.3 6.1 1.0 1.3 0.35 15 
Current data VGN 0.4-0.6 m 0.5 1.0 1.8 1.6 2.0 3.5 1.0 0.9 0.25 12 
Current data VGN 0.6-0.8 m 0.7 1.0 1.3 1.6 2.1 3.1 1.1 0.9 0.33 7 
Current data VGN 0.8-1.2 m 0.6 1.8 2.1 2.3 2.6 4.2 0.8 1.1 0.42 7 
Current data VGN 1.2+ m 0.3 0.7 1.7 1.7 2.3 4.1 1.6 1.3 0.45 8 
Current data PGR 0.0-0.2 m 5.2 8.1 9.9 9.1 10.0 12.3 1.9 2.6 1.18 5 
Current data PGR 0.2-0.4 m 3.3 4.9 9.3 13.6 16.8 40.5 11.9 11.8 3.42 12 
Current data PGR 0.4-0.6 m 2.7 6.4 9.5 9.4 11.7 17.2 5.4 5.0 1.89 7 
Current data PGR 0.6-0.8 m 1.7 10.8 15.8 23.4 20.8 75.7 10.0 26.6 10.85 6 
Current data PGR 0.8+ m 6.4 8.9 10.0 14.1 15.2 29.9 6.3 10.7 5.34 4 
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Table F.7: Descriptive statistics for P-velocity in m/s. Min is minimum value, Q1 is first quartile 
value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile 
range, SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR 4130 5592 5810 5765 5981 7134 389 377 23.0 270 
Previous data VGN 4356 5359 5561 5546 5779 6829 421 379 18.0 443 
Previous data DGN 3929 5410 5684 5613 5868 7032 458 401 21.1 362 
Current data PGR 5208 5511 5820 5752 5942 6262 431 270 34.3 62 
Current data VGN 4986 5471 5672 5659 5844 6503 373 280 24.7 129 
Current data DGN 5477 5549 5670 5672 5769 5931 220 138 38.4 13 
VGN 0.0-0.2 m 5500 5766 5838 5863 6036 6180 270 197 56.9 12 
VGN 0.2-0.4 m 5255 5569 5716 5694 5845 6099 276 207 34.6 36 
VGN 0.4-0.6 m 5330 5554 5686 5686 5833 6006 279 184 32.0 33 
VGN 0.6-0.8 m 5173 5576 5720 5744 5871 6290 295 283 35.6 63 
VGN 0.8-1.0 m 5080 5451 5682 5691 5895 6364 444 324 33.4 94 
VGN 1.0-1.2 m 5168 5595 5828 5754 5944 6146 349 269 43.1 39 
VGN 1.2+ m 4986 5483 5692 5694 5857 6613 374 329 26.7 152 
PGR 0.0-0.2 m 5239 5442 5512 5540 5604 5865 162 191 38.2 25 
PGR 0.2-0.4 m 5833 5917 5949 6000 6070 6262 153 131 34.9 14 
PGR 0.4-0.6 m 5208 5425 5576 5639 5867 6235 442 284 54.6 27 
PGR 0.6-0.8 m 5383 5572 5644 5696 5810 6096 238 191 36.1 28 
PGR 0.8-1.2 m 5392 5582 5716 5683 5787 5895 205 130 20.9 39 
PGR 1.2+ m 5298 5513 5668 5633 5775 5856 262 175 40.1 19 
Previous UCS data PGR 4296 4820 5351 5296 5618 6635 798 612 169.6 13 
Previous UCS data VGN 4024 4974 5202 5204 5415 6379 441 402 71.0 32 
Previous UCS data DGN 3706 4725 5071 4929 5225 5763 500 497 114.1 19 
Current UCS data PGR 5450 5488 5617 5638 5775 5872 287 177 72.4 6 
Current UCS data VGN 4654 5401 5578 5670 6001 6779 600 471 105.3 20 
VGN Load 0 MPa AX 5173 5392 5488 5511 5626 6088 233 226 41.2 30 
VGN Load 0 MPa AC 5351 5788 5939 5934 6058 6503 270 246 55.1 20 
VGN Load 0 MPa BD 4986 5164 5361 5376 5595 5819 432 246 54.9 20 
VGN Load 2.5 MPa AX 5279 5403 5557 5556 5690 5863 287 169 37.8 20 
VGN Load 2.5 MPa AC 5357 5781 5942 5945 6090 6534 310 251 56.2 20 
VGN Load 2.5 MPa BD 4989 5225 5413 5426 5663 5866 438 251 56.2 20 
VGN Load 5 MPa AX 5325 5489 5593 5612 5717 5889 228 159 35.5 20 
VGN Load 5 MPa AC 5404 5817 5974 5974 6106 6561 289 250 56.0 20 
VGN Load 5 MPa BD 5040 5260 5451 5468 5710 5943 450 254 56.8 20 
VGN Load 10 MPa AX 5350 5575 5677 5687 5783 5987 208 155 34.7 20 
VGN Load 10 MPa AC 5544 5833 6002 6005 6136 6565 302 237 52.9 20 
VGN Load 10 MPa BD 5113 5326 5546 5535 5769 5977 443 249 55.6 20 
VGN Load 15 MPa AX 5397 5624 5741 5737 5832 5957 208 149 33.4 20 
VGN Load 15 MPa AC 5597 5863 6025 6029 6172 6563 309 228 51.0 20 
VGN Load 15 MPa BD 5162 5360 5593 5578 5810 6023 450 246 55.0 20 
VGN Load 20 MPa AX 5424 5668 5771 5770 5844 6091 176 150 33.6 20 
VGN Load 20 MPa AC 5624 5902 6049 6054 6185 6613 282 229 51.1 20 
VGN Load 20 MPa BD 5199 5418 5617 5608 5815 6056 397 240 53.6 20 
PGR Load 0 MPa AX 5239 5503 5622 5679 5878 6060 375 254 63.5 16 
PGR Load 0 MPa AC 5208 5495 5578 5540 5647 5738 152 186 76.1 6 
PGR Load 0 MPa BD 5264 5313 5370 5379 5390 5581 77 111 45.2 6 
PGR Load 2.5 MPa AX 5512 5534 5549 5549 5559 5594 24 28 11.4 6 
PGR Load 2.5 MPa AC 5227 5499 5595 5562 5685 5775 186 195 79.7 6 
PGR Load 2.5 MPa BD 5264 5356 5421 5427 5448 5667 92 137 55.8 6 
PGR Load 5 MPa AX 5522 5590 5621 5608 5641 5657 50 50 20.2 6 
PGR Load 5 MPa AC 5247 5510 5610 5577 5710 5774 200 192 78.4 6 
PGR Load 5 MPa BD 5287 5407 5465 5464 5496 5671 89 128 52.1 6 
PGR Load 10 MPa AX 5705 5711 5735 5748 5784 5812 73 46 18.8 6 
PGR Load 10 MPa AC 5339 5591 5667 5630 5734 5787 143 162 66.1 6 
PGR Load 10 MPa BD 5365 5489 5526 5531 5548 5736 59 121 49.3 6 
PGR Load 15 MPa AX 5782 5796 5804 5810 5822 5848 26 24 9.7 6 
PGR Load 15 MPa AC 5370 5621 5721 5672 5792 5819 171 170 69.2 6 
PGR Load 15 MPa BD 5486 5531 5594 5596 5611 5776 80 102 41.5 6 
PGR Load 20 MPa AX 5522 5589 5608 5629 5655 5786 66 90 36.8 6 
PGR Load 20 MPa AC 5824 5833 5865 5859 5876 5895 43 29 11.8 6 
PGR Load 20 MPa BD 5476 5639 5749 5714 5825 5856 186 148 60.4 6 
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Table F.8: Descriptive statistics for S-velocity in m/s. Min is minimum value, Q1 is first quartile 
value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile 
range, SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 2862 3046 3074 3124 3214 3434 168 135 25.4 28 
Current data VGN 2646 3001 3100 3122 3247 3687 245 202 24.2 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 2936 3170 3222 3222 3286 3391 116 114 24.8 21 
VGN 0.4-0.6 m 2646 3090 3244 3197 3301 3395 211 171 37.3 21 
VGN 0.6-0.8 m 2738 3040 3105 3143 3186 3516 145 159 21.2 56 
VGN 0.8-1.0 m 2844 3010 3140 3178 3348 3579 338 204 21.5 90 
VGN 1.0-1.2 m 2930 3136 3251 3256 3420 3529 284 186 30.9 36 
VGN 1.2+ m 2808 3039 3147 3145 3271 3455 231 161 13.5 144 
PGR 0.0-0.2 m 2862 2958 3055 3066 3108 3434 150 147 32.9 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 3032 3142 3207 3193 3256 3325 114 82 18.3 20 
PGR 0.6-0.8 m 3038 3107 3165 3162 3214 3283 108 77 16.5 22 
PGR 0.8-1.2 m 2943 3085 3138 3148 3213 3343 129 94 15.7 36 
PGR 1.2+ m 3014 3075 3109 3112 3160 3193 85 53 12.5 18 
Previous UCS data PGR 2544 2885 3014 3013 3121 3386 236 204 56.6 13 
Previous UCS data VGN 2411 2906 2988 2985 3097 3224 191 175 31.0 32 
Previous UCS data DGN 2330 2769 2967 2889 3041 3412 273 271 62.1 19 
Current UCS data PGR 3041 3095 3107 3112 3140 3172 45 46 18.8 6 
Current UCS data VGN 2514 2732 2758 2795 2846 3086 114 146 32.7 20 
VGN Load 0 MPa AX 2646 3029 3148 3143 3248 3687 219 214 39.1 30 
VGN Load 0 MPa AC 2844 3098 3236 3233 3352 3520 254 180 40.3 20 
VGN Load 0 MPa BD 2808 2921 2992 2980 3013 3250 92 106 23.6 20 
VGN Load 2.5 MPa AX 2856 3061 3160 3152 3258 3322 197 120 26.7 20 
VGN Load 2.5 MPa AC 2899 3127 3260 3257 3366 3525 240 170 38.0 20 
VGN Load 2.5 MPa BD 2817 2927 3005 2993 3028 3266 101 111 24.8 20 
VGN Load 5 MPa AX 2925 3091 3181 3179 3282 3342 191 113 25.2 20 
VGN Load 5 MPa AC 2934 3140 3284 3279 3383 3547 243 167 37.3 20 
VGN Load 5 MPa BD 2825 2945 3023 3013 3043 3282 97 109 24.3 20 
VGN Load 10 MPa AX 2977 3136 3212 3214 3314 3362 177 106 23.7 20 
VGN Load 10 MPa AC 2964 3166 3316 3305 3413 3566 247 165 36.9 20 
VGN Load 10 MPa BD 2834 2979 3046 3050 3085 3357 106 118 26.4 20 
VGN Load 15 MPa AX 3014 3158 3245 3246 3348 3389 190 107 24.0 20 
VGN Load 15 MPa AC 3007 3185 3338 3327 3435 3570 250 161 35.9 20 
VGN Load 15 MPa BD 2887 3002 3076 3072 3110 3370 108 114 25.5 20 
VGN Load 20 MPa AX 3025 3179 3261 3264 3371 3433 192 111 24.8 20 
VGN Load 20 MPa AC 3001 3198 3366 3339 3459 3579 260 164 36.6 20 
VGN Load 20 MPa BD 2905 3030 3101 3098 3138 3391 109 116 25.9 20 
PGR Load 0 MPa AX 3049 3076 3193 3194 3241 3434 166 118 29.6 16 
PGR Load 0 MPa AC 2862 3033 3049 3057 3116 3219 82 119 48.7 6 
PGR Load 0 MPa BD 2916 2961 3026 3005 3052 3062 91 61 25.0 6 
PGR Load 2.5 MPa AX 3086 3088 3091 3103 3094 3169 6 32 13.3 6 
PGR Load 2.5 MPa AC 2910 3095 3103 3105 3158 3249 63 113 46.1 6 
PGR Load 2.5 MPa BD 2928 2997 3039 3031 3080 3100 83 65 26.6 6 
PGR Load 5 MPa AX 3099 3109 3119 3131 3136 3199 27 36 14.9 6 
PGR Load 5 MPa AC 2960 3115 3144 3135 3187 3257 72 101 41.1 6 
PGR Load 5 MPa BD 2953 3019 3056 3053 3102 3132 84 67 27.4 6 
PGR Load 10 MPa AX 3127 3140 3154 3164 3168 3242 29 41 16.9 6 
PGR Load 10 MPa AC 3031 3150 3215 3190 3250 3287 100 94 38.5 6 
PGR Load 10 MPa BD 2979 3066 3107 3099 3125 3216 59 79 32.3 6 
PGR Load 15 MPa AX 3162 3178 3187 3197 3205 3261 28 35 14.4 6 
PGR Load 15 MPa AC 3058 3163 3238 3215 3276 3327 113 98 40.2 6 
PGR Load 15 MPa BD 3005 3092 3155 3145 3173 3305 81 102 41.4 6 
PGR Load 20 MPa AX 3051 3124 3175 3173 3197 3325 73 93 37.9 6 
PGR Load 20 MPa AC 3185 3195 3206 3215 3225 3273 30 32 13.1 6 
PGR Load 20 MPa BD 3102 3190 3269 3238 3277 3343 87 88 35.8 6 
 
APPENDIX F: Descriptive statistics 
Table F.9: Descriptive statistics for P/S-ratio in SI. Min is minimum value, Q1 is first quartile value, 
Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile range, 
SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 1.55 1.76 1.79 1.79 1.82 1.91 0.06 0.08 0.015 28 
Current data VGN 1.65 1.73 1.76 1.80 1.86 2.08 0.13 0.10 0.012 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 1.68 1.74 1.76 1.76 1.77 1.88 0.03 0.04 0.009 21 
VGN 0.4-0.6 m 1.72 1.72 1.78 1.78 1.81 2.06 0.08 0.08 0.017 21 
VGN 0.6-0.8 m 1.67 1.74 1.78 1.83 1.94 2.06 0.20 0.12 0.016 56 
VGN 0.8-1.0 m 1.67 1.73 1.76 1.79 1.85 2.06 0.12 0.10 0.011 90 
VGN 1.0-1.2 m 1.73 1.74 1.77 1.77 1.79 1.82 0.05 0.03 0.005 36 
VGN 1.2+ m 1.68 1.76 1.79 1.81 1.86 2.09 0.10 0.08 0.007 144 
PGR 0.0-0.2 m 1.55 1.79 1.81 1.80 1.84 1.91 0.05 0.08 0.018 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 1.65 1.69 1.74 1.73 1.76 1.89 0.07 0.06 0.013 20 
PGR 0.6-0.8 m 1.74 1.77 1.79 1.79 1.80 1.86 0.03 0.03 0.006 22 
PGR 0.8-1.2 m 1.75 1.78 1.81 1.80 1.82 1.84 0.04 0.03 0.005 36 
PGR 1.2+ m 1.74 1.76 1.81 1.81 1.84 1.85 0.08 0.04 0.009 18 
Previous UCS data PGR 1.53 1.69 1.73 1.76 1.81 2.20 0.12 0.16 0.044 13 
Previous UCS data VGN 1.56 1.68 1.74 1.74 1.81 1.99 0.12 0.11 0.019 32 
Previous UCS data DGN 1.55 1.65 1.71 1.71 1.77 1.84 0.12 0.08 0.018 19 
Current UCS data PGR 1.73 1.76 1.82 1.81 1.86 1.89 0.10 0.06 0.024 6 
Current UCS data VGN 1.65 1.91 2.02 2.03 2.20 2.35 0.29 0.19 0.042 20 
VGN Load 0 MPa AX 1.65 1.72 1.74 1.76 1.75 2.06 0.03 0.09 0.016 30 
VGN Load 0 MPa AC 1.68 1.73 1.81 1.84 1.92 2.08 0.19 0.12 0.027 20 
VGN Load 0 MPa BD 1.68 1.76 1.78 1.81 1.87 1.94 0.11 0.08 0.018 20 
VGN Load 2.5 MPa AX 1.72 1.75 1.76 1.76 1.77 1.85 0.02 0.03 0.007 20 
VGN Load 2.5 MPa AC 1.68 1.73 1.81 1.83 1.90 2.08 0.17 0.12 0.027 20 
VGN Load 2.5 MPa BD 1.70 1.76 1.78 1.81 1.89 1.94 0.12 0.08 0.018 20 
VGN Load 5 MPa AX 1.72 1.75 1.77 1.77 1.78 1.82 0.04 0.03 0.007 20 
VGN Load 5 MPa AC 1.68 1.72 1.80 1.83 1.88 2.09 0.16 0.12 0.027 20 
VGN Load 5 MPa BD 1.70 1.77 1.79 1.82 1.88 1.95 0.12 0.08 0.018 20 
VGN Load 10 MPa AX 1.70 1.76 1.77 1.77 1.78 1.82 0.02 0.03 0.007 20 
VGN Load 10 MPa AC 1.67 1.73 1.80 1.82 1.88 2.07 0.14 0.12 0.027 20 
VGN Load 10 MPa BD 1.70 1.76 1.80 1.82 1.88 1.94 0.12 0.07 0.016 20 
VGN Load 15 MPa AX 1.72 1.76 1.77 1.77 1.79 1.80 0.03 0.02 0.004 20 
VGN Load 15 MPa AC 1.67 1.73 1.80 1.82 1.87 2.06 0.14 0.12 0.027 20 
VGN Load 15 MPa BD 1.70 1.76 1.80 1.82 1.88 1.95 0.12 0.08 0.018 20 
VGN Load 20 MPa AX 1.72 1.75 1.77 1.77 1.79 1.81 0.04 0.03 0.007 20 
VGN Load 20 MPa AC 1.67 1.73 1.80 1.82 1.88 2.06 0.15 0.12 0.027 20 
VGN Load 20 MPa BD 1.69 1.75 1.80 1.81 1.87 1.94 0.12 0.08 0.018 20 
PGR Load 0 MPa AX 1.55 1.76 1.79 1.78 1.81 1.90 0.05 0.09 0.023 16 
PGR Load 0 MPa AC 1.72 1.78 1.81 1.81 1.85 1.91 0.07 0.07 0.029 6 
PGR Load 0 MPa BD 1.75 1.76 1.79 1.79 1.82 1.83 0.06 0.03 0.012 6 
PGR Load 2.5 MPa AX 1.75 1.78 1.79 1.79 1.80 1.81 0.02 0.02 0.008 6 
PGR Load 2.5 MPa AC 1.69 1.77 1.79 1.79 1.83 1.88 0.06 0.07 0.029 6 
PGR Load 2.5 MPa BD 1.75 1.77 1.79 1.79 1.81 1.83 0.04 0.03 0.012 6 
PGR Load 5 MPa AX 1.76 1.79 1.80 1.79 1.80 1.80 0.02 0.02 0.008 6 
PGR Load 5 MPa AC 1.67 1.76 1.78 1.78 1.83 1.85 0.06 0.07 0.029 6 
PGR Load 5 MPa BD 1.75 1.77 1.80 1.79 1.81 1.82 0.04 0.03 0.012 6 
PGR Load 10 MPa AX 1.76 1.81 1.82 1.82 1.83 1.85 0.02 0.03 0.012 6 
PGR Load 10 MPa AC 1.66 1.74 1.76 1.77 1.82 1.84 0.08 0.07 0.029 6 
PGR Load 10 MPa BD 1.71 1.77 1.79 1.79 1.81 1.83 0.05 0.04 0.016 6 
PGR Load 15 MPa AX 1.79 1.81 1.82 1.82 1.82 1.83 0.01 0.01 0.004 6 
PGR Load 15 MPa AC 1.65 1.74 1.76 1.77 1.82 1.85 0.08 0.07 0.029 6 
PGR Load 15 MPa BD 1.69 1.75 1.80 1.78 1.82 1.83 0.07 0.06 0.024 6 
PGR Load 20 MPa AX 1.68 1.76 1.79 1.78 1.81 1.82 0.04 0.05 0.020 6 
PGR Load 20 MPa AC 1.80 1.82 1.83 1.82 1.83 1.84 0.01 0.01 0.004 6 
PGR Load 20 MPa BD 1.67 1.75 1.76 1.77 1.80 1.85 0.05 0.06 0.024 6 
 
APPENDIX F: Descriptive statistics 
Table F.10: Descriptive statistics for acoustic impedance in MPa·s/m. Min is minimum value, Q1 is 
first quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR 10.6 14.8 15.4 15.3 15.9 19.7 1.1 1.0 0.06 270 
Previous data VGN 11.9 14.7 15.2 15.2 15.7 21.2 1.1 1.2 0.06 443 
Previous data DGN 10.5 14.9 15.4 15.4 15.9 21.7 1.0 1.2 0.06 362 
Current data PGR 13.7 14.5 15.2 15.1 15.6 16.5 1.1 0.7 0.09 62 
Current data VGN 13.7 15.0 15.5 15.5 16.0 17.9 1.0 0.8 0.07 129 
Current data DGN 14.9 15.2 15.4 15.5 15.6 16.1 0.4 0.3 0.09 13 
VGN 0.0-0.2 m 15.1 15.6 16.0 16.0 16.4 16.8 0.8 0.5 0.16 12 
VGN 0.2-0.4 m 14.4 15.1 15.6 15.5 15.9 16.5 0.8 0.6 0.09 36 
VGN 0.4-0.6 m 14.6 15.1 15.6 15.6 16.0 16.5 0.9 0.5 0.09 33 
VGN 0.6-0.8 m 14.3 15.3 15.7 15.8 16.1 17.3 0.8 0.8 0.10 63 
VGN 0.8-1.0 m 13.9 14.8 15.6 15.6 16.2 17.5 1.4 0.9 0.09 94 
VGN 1.0-1.2 m 14.4 15.3 15.9 15.9 16.4 17.1 1.1 0.8 0.12 39 
VGN 1.2+ m 13.7 15.0 15.6 15.6 16.1 18.2 1.1 0.9 0.07 152 
PGR 0.0-0.2 m 13.7 14.2 14.5 14.6 14.7 15.4 0.5 0.5 0.10 25 
PGR 0.2-0.4 m 15.2 15.5 15.6 15.7 16.0 16.5 0.4 0.4 0.10 14 
PGR 0.4-0.6 m 13.7 14.3 14.7 14.9 15.5 16.4 1.2 0.7 0.14 27 
PGR 0.6-0.8 m 14.2 14.7 14.9 15.0 15.3 16.0 0.6 0.5 0.09 28 
PGR 0.8-1.2 m 14.1 14.6 15.0 14.9 15.2 15.6 0.5 0.4 0.06 39 
PGR 1.2+ m 13.9 14.5 14.9 14.8 15.2 15.4 0.7 0.5 0.10 19 
Previous UCS data PGR 11.9 12.6 13.9 13.9 14.8 17.2 2.1 1.5 0.42 13 
Previous UCS data VGN 11.0 13.6 14.2 14.2 14.8 17.5 1.1 1.1 0.20 32 
Previous UCS data DGN 10.0 12.9 13.6 13.4 14.2 15.7 1.3 1.3 0.31 19 
Current UCS data PGR 14.3 14.4 14.8 14.8 15.2 15.5 0.8 0.5 0.19 6 
Current UCS data VGN 12.7 14.8 15.4 15.6 16.5 18.7 1.6 1.3 0.30 20 
VGN Load 0 MPa AX 14.2 14.7 15.0 15.1 15.4 16.7 0.7 0.6 0.11 30 
VGN Load 0 MPa AC 14.6 15.8 16.3 16.3 16.8 17.9 1.0 0.7 0.17 20 
VGN Load 0 MPa BD 13.7 14.2 14.7 14.8 15.4 15.9 1.2 0.7 0.15 20 
VGN Load 2.5 MPa AX 14.4 14.9 15.2 15.3 15.6 16.3 0.7 0.5 0.11 20 
VGN Load 2.5 MPa AC 14.6 15.8 16.3 16.3 16.8 18.0 1.0 0.8 0.17 20 
VGN Load 2.5 MPa BD 13.7 14.3 14.9 14.9 15.6 16.0 1.3 0.7 0.15 20 
VGN Load 5 MPa AX 14.5 15.1 15.3 15.4 15.6 16.4 0.5 0.5 0.11 20 
VGN Load 5 MPa AC 14.7 15.9 16.4 16.4 16.9 18.1 1.0 0.8 0.17 20 
VGN Load 5 MPa BD 13.9 14.5 14.9 15.0 15.7 16.2 1.2 0.7 0.15 20 
VGN Load 10 MPa AX 14.6 15.3 15.6 15.6 15.9 16.6 0.6 0.5 0.11 20 
VGN Load 10 MPa AC 15.1 16.0 16.5 16.5 17.0 18.1 1.0 0.7 0.16 20 
VGN Load 10 MPa BD 14.1 14.6 15.2 15.2 15.9 16.3 1.3 0.7 0.15 20 
VGN Load 15 MPa AX 14.7 15.5 15.7 15.8 16.0 16.5 0.6 0.5 0.10 20 
VGN Load 15 MPa AC 15.3 16.1 16.5 16.6 17.0 18.1 0.9 0.7 0.15 20 
VGN Load 15 MPa BD 14.2 14.8 15.3 15.3 16.0 16.4 1.2 0.7 0.15 20 
VGN Load 20 MPa AX 14.8 15.6 15.8 15.8 16.1 16.9 0.5 0.5 0.10 20 
VGN Load 20 MPa AC 15.3 16.2 16.6 16.6 17.1 18.2 0.9 0.7 0.15 20 
VGN Load 20 MPa BD 14.3 14.9 15.4 15.4 16.0 16.5 1.1 0.7 0.15 20 
PGR Load 0 MPa AX 13.7 14.5 14.7 14.9 15.4 15.9 1.0 0.7 0.17 16 
PGR Load 0 MPa AC 13.7 14.4 14.7 14.6 14.9 15.1 0.4 0.5 0.19 6 
PGR Load 0 MPa BD 13.8 14.0 14.1 14.1 14.2 14.6 0.2 0.3 0.11 6 
PGR Load 2.5 MPa AX 14.5 14.5 14.6 14.6 14.6 14.7 0.1 0.1 0.04 6 
PGR Load 2.5 MPa AC 13.8 14.5 14.7 14.6 15.0 15.2 0.5 0.5 0.20 6 
PGR Load 2.5 MPa BD 13.8 14.1 14.3 14.3 14.4 14.9 0.3 0.4 0.14 6 
PGR Load 5 MPa AX 14.5 14.7 14.8 14.8 14.8 14.9 0.1 0.1 0.05 6 
PGR Load 5 MPa AC 13.8 14.5 14.8 14.7 15.0 15.1 0.6 0.5 0.20 6 
PGR Load 5 MPa BD 13.9 14.2 14.4 14.4 14.5 14.9 0.3 0.3 0.13 6 
PGR Load 10 MPa AX 15.0 15.0 15.1 15.1 15.2 15.2 0.2 0.1 0.04 6 
PGR Load 10 MPa AC 14.1 14.7 14.9 14.8 15.1 15.2 0.4 0.4 0.16 6 
PGR Load 10 MPa BD 14.1 14.5 14.5 14.5 14.6 15.1 0.1 0.3 0.13 6 
PGR Load 15 MPa AX 15.2 15.2 15.2 15.3 15.3 15.4 0.0 0.1 0.03 6 
PGR Load 15 MPa AC 14.2 14.8 15.0 14.9 15.2 15.3 0.4 0.4 0.18 6 
PGR Load 15 MPa BD 14.4 14.6 14.7 14.7 14.8 15.2 0.2 0.3 0.10 6 
PGR Load 20 MPa AX 14.5 14.7 14.8 14.8 14.8 15.2 0.1 0.2 0.09 6 
PGR Load 20 MPa AC 15.3 15.3 15.4 15.4 15.5 15.5 0.1 0.1 0.04 6 
PGR Load 20 MPa BD 14.4 14.8 15.1 15.0 15.3 15.4 0.5 0.4 0.15 6 
 
APPENDIX F: Descriptive statistics 
Table F.11: Descriptive statistics for shear impedance in MPa·s/m. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 7.5 8.0 8.1 8.2 8.4 9.0 0.4 0.3 0.06 28 
Current data VGN 7.2 8.2 8.5 8.6 8.9 10.1 0.7 0.6 0.07 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 8.1 8.6 8.8 8.8 8.9 9.2 0.3 0.3 0.06 21 
VGN 0.4-0.6 m 7.2 8.5 8.9 8.8 9.0 9.3 0.6 0.5 0.10 21 
VGN 0.6-0.8 m 7.5 8.4 8.5 8.6 8.8 9.6 0.4 0.4 0.05 56 
VGN 0.8-1.0 m 7.8 8.3 8.6 8.7 9.2 9.9 1.0 0.6 0.06 90 
VGN 1.0-1.2 m 8.2 8.6 8.9 9.0 9.4 9.8 0.8 0.5 0.09 36 
VGN 1.2+ m 7.7 8.3 8.6 8.6 9.0 9.4 0.7 0.4 0.04 144 
PGR 0.0-0.2 m 7.5 7.8 8.0 8.1 8.2 9.0 0.4 0.4 0.08 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 8.0 8.3 8.4 8.4 8.6 8.8 0.3 0.2 0.05 20 
PGR 0.6-0.8 m 8.0 8.2 8.3 8.3 8.5 8.6 0.3 0.2 0.04 22 
PGR 0.8-1.2 m 7.7 8.1 8.2 8.3 8.4 8.8 0.3 0.3 0.04 36 
PGR 1.2+ m 7.9 8.1 8.2 8.2 8.3 8.4 0.2 0.1 0.03 18 
Previous UCS data PGR 7.0 7.5 8.0 7.9 8.3 8.9 0.7 0.5 0.14 13 
Previous UCS data VGN 6.6 7.9 8.2 8.2 8.6 8.8 0.6 0.5 0.08 32 
Previous UCS data DGN 6.4 7.5 8.1 7.8 8.2 9.3 0.7 0.7 0.16 19 
Current UCS data PGR 8.0 8.1 8.2 8.2 8.3 8.3 0.2 0.1 0.05 6 
Current UCS data VGN 6.9 7.5 7.6 7.7 7.9 8.4 0.4 0.4 0.09 20 
VGN Load 0 MPa AX 7.2 8.3 8.7 8.6 8.9 10.1 0.5 0.6 0.11 30 
VGN Load 0 MPa AC 7.8 8.5 8.9 8.9 9.2 9.8 0.7 0.5 0.11 20 
VGN Load 0 MPa BD 7.7 8.0 8.2 8.2 8.3 8.9 0.3 0.3 0.06 20 
VGN Load 2.5 MPa AX 7.8 8.4 8.7 8.7 8.9 9.2 0.5 0.4 0.08 20 
VGN Load 2.5 MPa AC 7.9 8.6 9.0 8.9 9.2 9.8 0.6 0.5 0.11 20 
VGN Load 2.5 MPa BD 7.7 8.0 8.2 8.2 8.3 8.9 0.3 0.3 0.06 20 
VGN Load 5 MPa AX 8.0 8.5 8.7 8.7 9.0 9.3 0.5 0.3 0.07 20 
VGN Load 5 MPa AC 8.0 8.7 9.0 9.0 9.3 9.8 0.6 0.5 0.11 20 
VGN Load 5 MPa BD 7.8 8.1 8.3 8.3 8.4 8.9 0.3 0.3 0.06 20 
VGN Load 10 MPa AX 8.1 8.6 8.8 8.8 9.1 9.3 0.5 0.3 0.07 20 
VGN Load 10 MPa AC 8.1 8.7 9.1 9.1 9.3 9.9 0.6 0.5 0.11 20 
VGN Load 10 MPa BD 7.8 8.2 8.4 8.4 8.5 9.1 0.2 0.3 0.07 20 
VGN Load 15 MPa AX 8.2 8.7 8.9 8.9 9.2 9.4 0.5 0.3 0.07 20 
VGN Load 15 MPa AC 8.2 8.8 9.2 9.1 9.4 9.9 0.6 0.5 0.10 20 
VGN Load 15 MPa BD 7.9 8.3 8.4 8.4 8.5 9.2 0.2 0.3 0.07 20 
VGN Load 20 MPa AX 8.3 8.8 8.9 9.0 9.2 9.6 0.5 0.3 0.07 20 
VGN Load 20 MPa AC 8.2 8.8 9.3 9.2 9.5 9.9 0.6 0.5 0.10 20 
VGN Load 20 MPa BD 8.0 8.4 8.5 8.5 8.6 9.2 0.2 0.3 0.07 20 
PGR Load 0 MPa AX 8.0 8.1 8.4 8.4 8.5 9.0 0.4 0.3 0.07 16 
PGR Load 0 MPa AC 7.5 8.0 8.0 8.0 8.2 8.4 0.2 0.3 0.13 6 
PGR Load 0 MPa BD 7.7 7.8 8.0 7.9 8.0 8.1 0.3 0.2 0.07 6 
PGR Load 2.5 MPa AX 8.1 8.1 8.1 8.2 8.1 8.4 0.0 0.1 0.04 6 
PGR Load 2.5 MPa AC 7.7 8.1 8.2 8.2 8.3 8.5 0.2 0.3 0.12 6 
PGR Load 2.5 MPa BD 7.7 7.9 8.0 8.0 8.1 8.2 0.2 0.2 0.07 6 
PGR Load 5 MPa AX 8.2 8.2 8.2 8.2 8.2 8.4 0.0 0.1 0.04 6 
PGR Load 5 MPa AC 7.8 8.2 8.3 8.2 8.4 8.5 0.2 0.3 0.11 6 
PGR Load 5 MPa BD 7.8 7.9 8.0 8.0 8.2 8.3 0.2 0.2 0.07 6 
PGR Load 10 MPa AX 8.2 8.3 8.3 8.3 8.3 8.6 0.0 0.1 0.05 6 
PGR Load 10 MPa AC 8.0 8.3 8.5 8.4 8.6 8.6 0.3 0.3 0.10 6 
PGR Load 10 MPa BD 7.8 8.1 8.2 8.2 8.2 8.5 0.2 0.2 0.09 6 
PGR Load 15 MPa AX 8.3 8.4 8.4 8.4 8.4 8.6 0.1 0.1 0.04 6 
PGR Load 15 MPa AC 8.0 8.3 8.5 8.5 8.6 8.7 0.3 0.3 0.11 6 
PGR Load 15 MPa BD 7.9 8.1 8.3 8.3 8.3 8.7 0.2 0.3 0.11 6 
PGR Load 20 MPa AX 8.0 8.2 8.4 8.3 8.4 8.8 0.2 0.3 0.11 6 
PGR Load 20 MPa AC 8.4 8.4 8.4 8.5 8.5 8.6 0.1 0.1 0.04 6 
PGR Load 20 MPa BD 8.2 8.4 8.6 8.5 8.6 8.8 0.3 0.2 0.09 6 
 
APPENDIX F: Descriptive statistics 
Table F.12: Descriptive statistics for Poisson impedance in MPa·s/m. Min is minimum value, Q1 is 
first quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 1.2 2.9 3.2 3.1 3.4 4.1 0.5 0.6 0.11 28 
Current data VGN 2.3 2.8 3.0 3.3 3.7 5.8 0.9 0.8 0.09 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 2.3 3.0 3.1 3.1 3.2 3.8 0.2 0.3 0.06 21 
VGN 0.4-0.6 m 2.7 2.9 3.1 3.2 3.6 4.7 0.7 0.5 0.10 21 
VGN 0.6-0.8 m 2.4 2.8 3.2 3.6 4.4 5.2 1.5 0.9 0.12 56 
VGN 0.8-1.0 m 2.3 2.9 3.1 3.3 3.6 5.5 0.7 0.7 0.08 90 
VGN 1.0-1.2 m 2.8 3.1 3.2 3.2 3.4 3.6 0.2 0.2 0.03 36 
VGN 1.2+ m 2.3 3.0 3.3 3.4 3.9 5.9 0.9 0.7 0.06 144 
PGR 0.0-0.2 m 1.2 3.0 3.2 3.1 3.5 3.8 0.5 0.6 0.13 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 2.1 2.4 2.7 2.7 3.0 4.0 0.6 0.5 0.12 20 
PGR 0.6-0.8 m 2.8 3.0 3.1 3.2 3.3 3.8 0.3 0.2 0.05 22 
PGR 0.8-1.2 m 2.9 3.1 3.2 3.2 3.4 3.5 0.3 0.2 0.03 36 
PGR 1.2+ m 2.8 2.9 3.3 3.3 3.5 3.7 0.6 0.3 0.08 18 
Previous UCS data PGR 1.0 2.0 2.9 2.8 3.2 6.2 1.2 1.3 0.35 13 
Previous UCS data VGN 1.2 2.1 2.9 2.7 3.3 5.1 1.2 0.9 0.16 32 
Previous UCS data DGN 1.0 1.9 2.5 2.3 2.8 3.1 0.9 0.7 0.15 19 
Current UCS data PGR 2.7 2.9 3.3 3.3 3.7 3.9 0.8 0.5 0.21 6 
Current UCS data VGN 2.0 3.9 4.7 4.8 6.0 7.3 2.1 1.4 0.32 20 
VGN Load 0 MPa AX 2.3 2.7 2.8 3.0 3.1 4.8 0.4 0.6 0.11 30 
VGN Load 0 MPa AC 2.6 3.1 3.6 3.8 4.2 5.8 1.1 0.9 0.21 20 
VGN Load 0 MPa BD 2.3 2.8 3.1 3.2 3.7 4.3 0.9 0.6 0.14 20 
VGN Load 2.5 MPa AX 2.8 2.9 3.0 3.1 3.1 3.5 0.2 0.2 0.04 20 
VGN Load 2.5 MPa AC 2.6 3.1 3.5 3.7 4.1 5.8 1.0 0.9 0.21 20 
VGN Load 2.5 MPa BD 2.4 2.9 3.1 3.3 3.9 4.4 1.1 0.6 0.14 20 
VGN Load 5 MPa AX 2.8 2.9 3.1 3.1 3.2 3.4 0.3 0.2 0.04 20 
VGN Load 5 MPa AC 2.6 3.0 3.5 3.7 4.1 5.9 1.1 1.0 0.21 20 
VGN Load 5 MPa BD 2.4 2.9 3.2 3.4 3.9 4.5 1.0 0.6 0.14 20 
VGN Load 10 MPa AX 2.7 3.1 3.1 3.2 3.3 3.6 0.2 0.2 0.04 20 
VGN Load 10 MPa AC 2.5 3.0 3.6 3.7 4.1 5.8 1.1 0.9 0.21 20 
VGN Load 10 MPa BD 2.5 3.0 3.2 3.4 3.9 4.4 0.9 0.6 0.13 20 
VGN Load 15 MPa AX 2.8 3.1 3.2 3.2 3.3 3.5 0.2 0.2 0.04 20 
VGN Load 15 MPa AC 2.6 2.9 3.5 3.7 4.1 5.7 1.1 0.9 0.20 20 
VGN Load 15 MPa BD 2.5 3.0 3.3 3.4 4.0 4.4 1.0 0.6 0.13 20 
VGN Load 20 MPa AX 2.8 3.1 3.2 3.2 3.4 3.6 0.3 0.2 0.04 20 
VGN Load 20 MPa AC 2.6 3.0 3.6 3.7 4.0 5.8 1.0 0.9 0.21 20 
VGN Load 20 MPa BD 2.4 3.0 3.2 3.4 4.0 4.4 1.0 0.6 0.13 20 
PGR Load 0 MPa AX 1.2 3.0 3.2 3.1 3.4 4.1 0.4 0.7 0.18 16 
PGR Load 0 MPa AC 2.5 3.1 3.3 3.2 3.5 3.8 0.4 0.5 0.19 6 
PGR Load 0 MPa BD 2.8 2.8 3.0 3.0 3.2 3.3 0.4 0.2 0.10 6 
PGR Load 2.5 MPa AX 2.8 3.0 3.1 3.1 3.2 3.3 0.1 0.2 0.06 6 
PGR Load 2.5 MPa AC 2.3 3.0 3.1 3.1 3.4 3.6 0.4 0.5 0.20 6 
PGR Load 2.5 MPa BD 2.8 2.9 3.0 3.0 3.2 3.4 0.3 0.3 0.10 6 
PGR Load 5 MPa AX 3.0 3.1 3.2 3.1 3.2 3.2 0.2 0.1 0.04 6 
PGR Load 5 MPa AC 2.1 3.0 3.1 3.0 3.4 3.6 0.4 0.5 0.20 6 
PGR Load 5 MPa BD 2.8 2.9 3.0 3.0 3.2 3.3 0.3 0.2 0.09 6 
PGR Load 10 MPa AX 3.0 3.3 3.4 3.4 3.5 3.6 0.2 0.2 0.09 6 
PGR Load 10 MPa AC 2.1 2.9 3.0 3.0 3.3 3.5 0.5 0.5 0.20 6 
PGR Load 10 MPa BD 2.6 2.9 3.1 3.1 3.2 3.5 0.3 0.3 0.13 6 
PGR Load 15 MPa AX 3.3 3.4 3.4 3.4 3.5 3.5 0.1 0.1 0.03 6 
PGR Load 15 MPa AC 2.1 2.9 3.0 3.0 3.3 3.7 0.4 0.6 0.22 6 
PGR Load 15 MPa BD 2.4 2.9 3.2 3.1 3.3 3.4 0.5 0.4 0.16 6 
PGR Load 20 MPa AX 2.4 3.0 3.1 3.0 3.3 3.4 0.4 0.4 0.15 6 
PGR Load 20 MPa AC 3.3 3.5 3.5 3.5 3.5 3.6 0.1 0.1 0.04 6 
PGR Load 20 MPa BD 2.3 3.0 3.0 3.0 3.2 3.7 0.2 0.5 0.19 6 
 
APPENDIX F: Descriptive statistics 
Table F.13: Descriptive statistics for Poisson’s ratio in SI. Min is minimum value, Q1 is first quartile 
value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile 
range, SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.14 0.26 0.27 0.27 0.29 0.31 0.02 0.03 0.006 28 
Current data VGN 0.21 0.25 0.26 0.27 0.30 0.35 0.05 0.03 0.004 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 0.22 0.25 0.26 0.26 0.27 0.30 0.01 0.01 0.002 21 
VGN 0.4-0.6 m 0.24 0.25 0.27 0.27 0.28 0.35 0.03 0.02 0.004 21 
VGN 0.6-0.8 m 0.22 0.25 0.27 0.28 0.32 0.35 0.06 0.04 0.005 56 
VGN 0.8-1.0 m 0.22 0.25 0.26 0.27 0.29 0.35 0.04 0.03 0.003 90 
VGN 1.0-1.2 m 0.25 0.25 0.27 0.27 0.27 0.29 0.02 0.01 0.002 36 
VGN 1.2+ m 0.23 0.26 0.27 0.28 0.30 0.35 0.03 0.03 0.003 144 
PGR 0.0-0.2 m 0.14 0.27 0.28 0.27 0.29 0.31 0.02 0.04 0.009 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 0.21 0.23 0.25 0.25 0.26 0.31 0.03 0.03 0.007 20 
PGR 0.6-0.8 m 0.25 0.27 0.27 0.27 0.28 0.30 0.01 0.01 0.002 22 
PGR 0.8-1.2 m 0.26 0.27 0.28 0.28 0.28 0.29 0.01 0.01 0.002 36 
PGR 1.2+ m 0.25 0.26 0.28 0.28 0.29 0.29 0.03 0.01 0.002 18 
Previous UCS data PGR 0.13 0.23 0.25 0.25 0.28 0.37 0.05 0.06 0.017 13 
Previous UCS data VGN 0.15 0.23 0.26 0.25 0.28 0.36 0.05 0.04 0.005 74 
Previous UCS data DGN 0.14 0.21 0.24 0.23 0.26 0.29 0.06 0.04 0.009 19 
Current UCS data PGR 0.25 0.26 0.28 0.28 0.30 0.31 0.03 0.02 0.008 6 
Current UCS data VGN 0.21 0.31 0.34 0.33 0.37 0.39 0.06 0.05 0.011 20 
VGN Load 0 MPa AX 0.21 0.25 0.25 0.26 0.26 0.35 0.01 0.03 0.005 30 
VGN Load 0 MPa AC 0.23 0.25 0.28 0.28 0.31 0.35 0.06 0.04 0.009 20 
VGN Load 0 MPa BD 0.23 0.26 0.27 0.28 0.30 0.32 0.04 0.03 0.007 20 
VGN Load 2.5 MPa AX 0.25 0.26 0.26 0.26 0.27 0.29 0.01 0.01 0.002 20 
VGN Load 2.5 MPa AC 0.23 0.25 0.28 0.28 0.31 0.35 0.06 0.04 0.009 20 
VGN Load 2.5 MPa BD 0.23 0.26 0.27 0.28 0.30 0.32 0.04 0.03 0.007 20 
VGN Load 5 MPa AX 0.24 0.26 0.27 0.26 0.27 0.28 0.01 0.01 0.002 20 
VGN Load 5 MPa AC 0.23 0.25 0.28 0.28 0.30 0.35 0.06 0.04 0.009 20 
VGN Load 5 MPa BD 0.23 0.26 0.27 0.28 0.30 0.32 0.04 0.03 0.007 20 
VGN Load 10 MPa AX 0.24 0.26 0.27 0.27 0.27 0.29 0.01 0.01 0.002 20 
VGN Load 10 MPa AC 0.22 0.25 0.28 0.28 0.30 0.35 0.05 0.04 0.009 20 
VGN Load 10 MPa BD 0.24 0.26 0.28 0.28 0.30 0.32 0.04 0.03 0.007 20 
VGN Load 15 MPa AX 0.24 0.26 0.26 0.26 0.27 0.28 0.01 0.01 0.002 20 
VGN Load 15 MPa AC 0.22 0.25 0.28 0.28 0.30 0.35 0.05 0.04 0.009 20 
VGN Load 15 MPa BD 0.23 0.26 0.28 0.28 0.30 0.32 0.04 0.03 0.007 20 
VGN Load 20 MPa AX 0.24 0.26 0.27 0.26 0.27 0.28 0.01 0.01 0.002 20 
VGN Load 20 MPa AC 0.22 0.25 0.28 0.28 0.30 0.35 0.05 0.04 0.009 20 
VGN Load 20 MPa BD 0.23 0.26 0.28 0.28 0.30 0.32 0.04 0.03 0.007 20 
PGR Load 0 MPa AX 0.14 0.26 0.27 0.26 0.28 0.31 0.02 0.04 0.010 16 
PGR Load 0 MPa AC 0.24 0.27 0.28 0.28 0.29 0.31 0.02 0.02 0.008 6 
PGR Load 0 MPa BD 0.26 0.26 0.27 0.27 0.28 0.29 0.02 0.01 0.004 6 
PGR Load 2.5 MPa AX 0.26 0.27 0.27 0.27 0.28 0.28 0.01 0.01 0.004 6 
PGR Load 2.5 MPa AC 0.23 0.27 0.27 0.27 0.29 0.30 0.02 0.03 0.012 6 
PGR Load 2.5 MPa BD 0.26 0.27 0.27 0.27 0.28 0.29 0.02 0.01 0.004 6 
PGR Load 5 MPa AX 0.26 0.27 0.28 0.27 0.28 0.28 0.01 0.01 0.004 6 
PGR Load 5 MPa AC 0.22 0.26 0.27 0.27 0.29 0.29 0.02 0.03 0.012 6 
PGR Load 5 MPa BD 0.26 0.27 0.27 0.27 0.28 0.28 0.01 0.01 0.004 6 
PGR Load 10 MPa AX 0.26 0.28 0.29 0.28 0.29 0.29 0.01 0.01 0.004 6 
PGR Load 10 MPa AC 0.21 0.25 0.26 0.26 0.28 0.29 0.03 0.03 0.012 6 
PGR Load 10 MPa BD 0.24 0.26 0.27 0.27 0.28 0.29 0.02 0.02 0.008 6 
PGR Load 15 MPa AX 0.27 0.28 0.28 0.28 0.29 0.29 0.00 0.00 0.000 6 
PGR Load 15 MPa AC 0.21 0.25 0.26 0.26 0.28 0.29 0.03 0.03 0.012 6 
PGR Load 15 MPa BD 0.23 0.26 0.28 0.27 0.29 0.29 0.03 0.02 0.008 6 
PGR Load 20 MPa AX 0.23 0.26 0.27 0.27 0.28 0.28 0.02 0.02 0.008 6 
PGR Load 20 MPa AC 0.28 0.28 0.29 0.28 0.29 0.29 0.00 0.01 0.004 6 
PGR Load 20 MPa BD 0.22 0.26 0.26 0.26 0.28 0.29 0.02 0.02 0.008 6 
 
APPENDIX F: Descriptive statistics 
Table F.14: Descriptive statistics for Lame’s lambda in GPa. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 11.8 27.5 30.9 30.7 33.7 43.2 6.2 6.4 1.21 28 
Current data VGN 21.1 27.0 29.5 32.4 35.6 62.9 8.6 8.4 1.00 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 22.9 30.6 31.3 30.9 32.2 35.9 1.6 2.7 0.60 21 
VGN 0.4-0.6 m 25.9 29.1 30.9 32.5 37.0 43.2 7.9 4.7 1.02 21 
VGN 0.6-0.8 m 23.1 28.3 31.4 36.4 43.7 54.8 15.4 10.0 1.33 56 
VGN 0.8-1.0 m 21.2 28.4 31.5 33.6 35.9 57.3 7.5 8.1 0.86 90 
VGN 1.0-1.2 m 26.6 31.9 33.8 33.1 35.1 37.3 3.1 2.8 0.47 36 
VGN 1.2+ m 21.1 29.0 32.8 34.7 39.0 64.1 10.0 8.3 0.69 144 
PGR 0.0-0.2 m 11.8 28.0 31.4 30.2 33.5 36.8 5.4 5.9 1.32 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 20.2 22.9 26.1 27.2 29.9 42.3 7.1 5.9 1.32 20 
PGR 0.6-0.8 m 27.7 29.9 30.6 31.6 33.0 39.8 3.1 2.9 0.62 22 
PGR 0.8-1.2 m 29.4 31.0 32.1 32.4 33.6 36.4 2.6 1.9 0.31 36 
PGR 1.2+ m 26.1 28.5 33.4 32.2 35.5 37.5 7.1 4.0 0.94 18 
Previous UCS data PGR 8.5 17.0 27.6 26.7 30.2 67.1 13.3 14.5 4.02 13 
Previous UCS data VGN 9.4 20.3 26.3 25.8 29.2 54.9 8.8 8.5 0.99 74 
Previous UCS data DGN 6.5 16.4 23.0 20.9 26.0 30.0 9.5 6.7 1.54 19 
Current UCS data PGR 26.0 28.5 32.3 32.7 37.0 40.0 8.5 5.6 2.30 6 
Current UCS data VGN 18.1 36.1 44.4 45.9 58.3 79.5 22.3 15.7 3.51 20 
VGN Load 0 MPa AX 22.9 26.4 27.8 29.0 29.6 45.4 3.2 5.1 0.93 30 
VGN Load 0 MPa AC 27.3 32.3 36.3 39.3 43.7 62.9 11.3 10.1 2.26 20 
VGN Load 0 MPa BD 21.1 25.5 29.8 30.7 35.4 43.0 9.8 6.4 1.44 20 
VGN Load 2.5 MPa AX 27.9 28.8 29.5 30.2 31.5 36.1 2.7 2.2 0.49 20 
VGN Load 2.5 MPa AC 27.0 31.9 35.9 38.8 43.0 63.5 11.1 10.2 2.28 20 
VGN Load 2.5 MPa BD 21.7 26.9 30.5 31.7 38.3 43.9 11.5 6.6 1.48 20 
VGN Load 5 MPa AX 28.0 29.4 30.5 31.0 32.0 35.7 2.7 2.1 0.47 20 
VGN Load 5 MPa AC 27.2 31.8 35.5 39.0 43.5 64.1 11.7 10.5 2.34 20 
VGN Load 5 MPa BD 22.8 27.1 31.3 32.3 37.3 45.9 10.2 6.6 1.48 20 
VGN Load 10 MPa AX 27.3 30.6 31.3 32.1 33.7 36.7 3.1 2.4 0.54 20 
VGN Load 10 MPa AC 27.3 31.4 36.7 39.0 43.5 63.5 12.1 10.2 2.28 20 
VGN Load 10 MPa BD 23.7 28.1 31.2 33.1 37.8 45.6 9.7 6.4 1.44 20 
VGN Load 15 MPa AX 29.6 30.7 32.4 32.5 34.5 36.3 3.8 2.0 0.45 20 
VGN Load 15 MPa AC 27.4 30.4 36.6 39.0 43.5 62.7 13.1 10.0 2.23 20 
VGN Load 15 MPa BD 23.6 28.7 32.2 33.7 39.3 46.0 10.7 6.6 1.47 20 
VGN Load 20 MPa AX 29.7 31.4 32.7 32.9 33.9 38.9 2.5 2.2 0.50 20 
VGN Load 20 MPa AC 27.7 32.0 37.2 39.4 43.1 64.0 11.1 10.1 2.26 20 
VGN Load 20 MPa BD 23.4 28.8 31.9 33.7 39.4 46.2 10.6 6.6 1.48 20 
PGR Load 0 MPa AX 11.8 28.8 31.3 31.2 35.5 43.2 6.6 7.9 1.98 16 
PGR Load 0 MPa AC 23.0 30.8 32.5 31.5 34.7 35.6 4.0 4.6 1.88 6 
PGR Load 0 MPa BD 26.1 26.8 27.9 28.6 30.1 32.5 3.4 2.5 1.04 6 
PGR Load 2.5 MPa AX 28.2 29.7 30.4 30.3 31.0 32.2 1.3 1.4 0.57 6 
PGR Load 2.5 MPa AC 21.5 30.0 31.6 30.7 33.6 35.4 3.6 5.0 2.02 6 
PGR Load 2.5 MPa BD 26.6 27.0 28.5 29.2 30.2 34.2 3.2 2.9 1.17 6 
PGR Load 5 MPa AX 29.7 30.1 31.5 31.1 32.1 32.2 1.9 1.2 0.47 6 
PGR Load 5 MPa AC 20.3 29.9 31.0 30.1 32.8 35.7 2.9 5.3 2.16 6 
PGR Load 5 MPa BD 27.3 27.4 29.1 29.5 30.6 33.4 3.2 2.5 1.00 6 
PGR Load 10 MPa AX 30.4 33.4 34.5 34.2 35.7 36.8 2.3 2.3 0.93 6 
PGR Load 10 MPa AC 20.5 28.9 30.8 29.9 32.7 35.5 3.9 5.2 2.13 6 
PGR Load 10 MPa BD 25.5 28.4 29.5 29.9 31.4 34.9 3.0 3.2 1.31 6 
PGR Load 15 MPa AX 34.1 34.7 35.1 35.0 35.3 35.8 0.6 0.6 0.24 6 
PGR Load 15 MPa AC 20.2 29.4 31.2 30.3 32.7 37.1 3.4 5.7 2.31 6 
PGR Load 15 MPa BD 24.4 28.2 31.2 30.3 32.7 34.7 4.5 3.8 1.55 6 
PGR Load 20 MPa AX 24.1 29.5 30.7 30.4 32.9 34.0 3.4 3.6 1.46 6 
PGR Load 20 MPa AC 34.6 35.4 36.0 35.9 36.5 36.8 1.1 0.9 0.35 6 
PGR Load 20 MPa BD 22.4 30.5 31.1 30.7 31.7 37.5 1.2 4.8 1.97 6 
 
APPENDIX F: Descriptive statistics 
Table F.15: Descriptive statistics for shear modulus in GPa. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 21.5 24.4 24.9 25.7 27.1 30.8 2.7 2.2 0.41 28 
Current data VGN 19.1 24.6 26.3 26.9 28.8 37.2 4.1 3.5 0.42 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 23.7 27.4 28.5 28.3 29.4 31.3 2.0 1.9 0.42 21 
VGN 0.4-0.6 m 19.1 26.1 28.8 28.1 29.8 31.6 3.7 2.9 0.63 21 
VGN 0.6-0.8 m 20.4 25.5 26.6 27.2 28.0 33.7 2.5 2.7 0.36 56 
VGN 0.8-1.0 m 22.1 24.9 27.1 27.9 31.0 35.6 6.1 3.7 0.39 90 
VGN 1.0-1.2 m 23.9 26.9 29.2 29.4 32.1 34.7 5.2 3.4 0.56 36 
VGN 1.2+ m 21.7 25.3 27.1 27.2 29.3 32.5 4.0 2.8 0.23 144 
PGR 0.0-0.2 m 21.5 23.0 24.5 24.7 25.4 30.8 2.4 2.4 0.53 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 24.3 26.0 27.0 26.9 28.0 29.2 1.9 1.4 0.31 20 
PGR 0.6-0.8 m 24.3 25.4 26.4 26.3 27.2 28.4 1.7 1.3 0.27 22 
PGR 0.8-1.2 m 22.7 25.0 25.8 26.0 27.1 29.3 2.1 1.6 0.26 36 
PGR 1.2+ m 23.9 24.9 25.4 25.5 26.3 26.8 1.4 0.9 0.21 18 
Previous UCS data PGR 17.9 21.6 24.2 24.0 25.8 30.2 4.2 3.1 0.85 13 
Previous UCS data VGN 15.9 22.5 24.5 24.8 26.9 36.8 4.4 3.9 0.45 74 
Previous UCS data DGN 15.2 20.9 24.1 22.8 24.9 31.7 4.0 4.0 0.92 19 
Current UCS data PGR 24.3 25.2 25.4 25.5 26.0 26.5 0.8 0.8 0.32 6 
Current UCS data VGN 17.2 20.6 21.0 21.5 22.4 26.0 1.8 2.2 0.50 20 
VGN Load 0 MPa AX 19.1 25.2 27.3 27.2 28.8 37.2 3.6 3.7 0.68 30 
VGN Load 0 MPa AC 22.1 26.4 28.8 28.8 30.8 34.4 4.4 3.2 0.72 20 
VGN Load 0 MPa BD 21.7 23.4 24.6 24.4 25.1 28.8 1.7 1.7 0.38 20 
VGN Load 2.5 MPa AX 22.2 25.8 27.4 27.3 29.1 30.6 3.3 2.1 0.47 20 
VGN Load 2.5 MPa AC 22.9 26.9 29.2 29.2 31.1 34.5 4.2 3.1 0.69 20 
VGN Load 2.5 MPa BD 21.8 23.5 24.8 24.6 25.2 29.0 1.7 1.8 0.40 20 
VGN Load 5 MPa AX 23.3 26.3 27.7 27.8 29.5 31.0 3.2 2.0 0.45 20 
VGN Load 5 MPa AC 23.5 27.2 29.6 29.6 31.3 34.9 4.2 3.0 0.68 20 
VGN Load 5 MPa BD 21.9 23.9 25.1 24.9 25.4 29.3 1.6 1.8 0.40 20 
VGN Load 10 MPa AX 24.2 27.1 28.3 28.4 30.2 31.4 3.1 1.9 0.43 20 
VGN Load 10 MPa AC 24.0 27.6 30.2 30.1 31.8 35.3 4.2 3.0 0.68 20 
VGN Load 10 MPa BD 22.1 24.5 25.5 25.6 26.1 30.7 1.6 2.0 0.44 20 
VGN Load 15 MPa AX 24.8 27.5 28.8 28.9 30.7 31.9 3.2 2.0 0.44 20 
VGN Load 15 MPa AC 24.7 28.0 30.6 30.5 32.3 35.4 4.3 3.0 0.66 20 
VGN Load 15 MPa BD 22.9 24.9 25.9 25.9 26.5 30.9 1.6 1.9 0.42 20 
VGN Load 20 MPa AX 25.0 27.8 29.1 29.3 31.1 32.8 3.2 2.0 0.45 20 
VGN Load 20 MPa AC 24.6 28.2 31.1 30.7 32.6 35.6 4.4 3.0 0.68 20 
VGN Load 20 MPa BD 23.2 25.4 26.3 26.4 26.9 31.3 1.6 1.9 0.43 20 
PGR Load 0 MPa AX 24.4 24.9 26.8 26.8 27.5 30.8 2.7 1.9 0.49 16 
PGR Load 0 MPa AC 21.5 24.2 24.4 24.6 25.6 27.2 1.4 1.9 0.77 6 
PGR Load 0 MPa BD 22.4 23.0 24.1 23.8 24.5 24.6 1.5 1.0 0.40 6 
PGR Load 2.5 MPa AX 25.0 25.1 25.1 25.3 25.1 26.5 0.1 0.6 0.23 6 
PGR Load 2.5 MPa AC 22.3 25.2 25.3 25.4 26.2 27.7 1.0 1.8 0.74 6 
PGR Load 2.5 MPa BD 22.5 23.6 24.3 24.2 24.9 25.4 1.3 1.1 0.43 6 
PGR Load 5 MPa AX 25.3 25.5 25.6 25.8 25.8 27.0 0.4 0.6 0.26 6 
PGR Load 5 MPa AC 23.0 25.5 26.0 25.9 26.8 27.8 1.2 1.6 0.67 6 
PGR Load 5 MPa BD 22.9 23.9 24.6 24.5 25.3 25.9 1.4 1.1 0.44 6 
PGR Load 10 MPa AX 25.7 26.0 26.1 26.3 26.3 27.7 0.4 0.7 0.29 6 
PGR Load 10 MPa AC 24.2 26.1 27.2 26.8 27.8 28.4 1.8 1.6 0.64 6 
PGR Load 10 MPa BD 23.3 24.7 25.4 25.3 25.6 27.3 1.0 1.3 0.54 6 
PGR Load 15 MPa AX 26.3 26.6 26.7 26.9 27.0 28.0 0.4 0.6 0.25 6 
PGR Load 15 MPa AC 24.6 26.3 27.6 27.2 28.3 29.0 2.0 1.7 0.67 6 
PGR Load 15 MPa BD 23.7 25.1 26.2 26.0 26.4 28.8 1.3 1.7 0.70 6 
PGR Load 20 MPa AX 24.5 25.6 26.5 26.5 26.8 29.2 1.2 1.6 0.65 6 
PGR Load 20 MPa AC 26.7 26.8 27.0 27.2 27.3 28.3 0.5 0.6 0.24 6 
PGR Load 20 MPa BD 25.3 26.8 28.1 27.6 28.3 29.3 1.6 1.5 0.60 6 
 
APPENDIX F: Descriptive statistics 
Table F.16: Descriptive statistics for P-wave modulus in GPa. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR 43.9 82.5 89.7 88.6 94.8 132.5 12.3 11.0 0.67 270 
Previous data VGN 52.0 78.8 84.3 84.8 90.5 143.9 11.8 12.2 0.58 443 
Previous data DGN 42.8 80.9 87.7 86.7 93.0 152.5 12.1 12.2 0.64 362 
Current data PGR 71.5 80.2 88.6 87.2 92.7 103.0 12.5 8.1 1.03 62 
Current data VGN 68.3 82.0 87.4 87.8 93.5 116.5 11.5 8.7 0.76 129 
Current data DGN 81.6 84.3 86.7 87.7 89.9 95.5 5.6 4.1 1.13 13 
VGN 0.0-0.2 m 82.9 90.2 93.5 93.9 99.0 103.5 8.8 6.3 1.81 12 
VGN 0.2-0.4 m 75.9 84.4 88.9 88.6 93.1 100.9 8.7 6.4 1.06 36 
VGN 0.4-0.6 m 77.8 83.7 88.6 88.5 93.2 98.8 9.5 5.7 0.99 33 
VGN 0.6-0.8 m 73.7 85.3 90.0 90.7 94.5 109.0 9.2 9.1 1.15 63 
VGN 0.8-1.0 m 70.8 81.2 88.7 89.3 95.5 111.5 14.4 10.3 1.06 94 
VGN 1.0-1.2 m 74.4 85.6 92.3 91.4 97.7 105.2 12.1 8.5 1.37 39 
VGN 1.2+ m 68.3 82.4 88.8 89.1 94.2 120.5 11.8 10.5 0.85 152 
PGR 0.0-0.2 m 71.7 77.4 79.9 80.7 82.6 90.3 5.2 5.6 1.13 25 
PGR 0.2-0.4 m 88.5 92.3 92.7 94.5 96.9 103.0 4.6 4.4 1.17 14 
PGR 0.4-0.6 m 71.5 77.6 82.0 84.0 91.0 102.2 13.4 8.4 1.62 27 
PGR 0.6-0.8 m 76.3 81.9 83.8 85.5 88.7 97.4 6.9 5.6 1.05 28 
PGR 0.8-1.2 m 76.2 81.7 85.7 84.8 87.8 91.1 6.1 3.9 0.63 39 
PGR 1.2+ m 73.8 79.9 84.5 83.5 87.7 90.2 7.8 5.1 1.17 19 
Previous UCS data PGR 50.9 60.8 74.6 74.6 82.8 114.3 22.0 16.9 4.69 13 
Previous UCS data VGN 42.8 69.0 75.0 75.4 80.7 111.4 11.7 12.6 1.47 74 
Previous UCS data DGN 37.0 60.2 69.0 66.6 73.4 90.4 13.2 12.7 2.91 19 
Current UCS data PGR 78.3 79.0 82.8 83.6 87.7 90.8 8.6 5.3 2.16 6 
Current UCS data VGN 59.1 80.2 85.7 88.9 98.7 126.5 18.5 15.1 3.37 20 
VGN Load 0 MPa AX 73.5 79.5 82.6 83.4 86.6 101.4 7.0 6.9 1.25 30 
VGN Load 0 MPa AC 78.1 91.5 96.8 96.9 101.8 116.5 10.4 8.4 1.88 20 
VGN Load 0 MPa BD 68.3 73.4 78.9 79.5 86.0 92.3 12.6 7.2 1.61 20 
VGN Load 2.5 MPa AX 76.0 80.4 84.7 84.8 88.8 95.7 8.3 5.4 1.20 20 
VGN Load 2.5 MPa AC 78.3 91.3 96.9 97.2 102.0 117.7 10.7 8.6 1.92 20 
VGN Load 2.5 MPa BD 68.4 75.5 80.5 81.0 88.3 93.8 12.9 7.4 1.66 20 
VGN Load 5 MPa AX 77.3 82.9 85.8 86.5 89.1 96.5 6.1 5.1 1.15 20 
VGN Load 5 MPa AC 79.6 92.7 97.9 98.2 102.8 118.6 10.2 8.6 1.92 20 
VGN Load 5 MPa BD 69.8 76.6 81.2 82.2 89.7 96.3 13.2 7.6 1.69 20 
VGN Load 10 MPa AX 78.0 85.6 88.4 88.9 91.7 99.5 6.2 5.1 1.14 20 
VGN Load 10 MPa AC 83.8 92.9 98.9 99.2 104.1 118.8 11.2 8.3 1.84 20 
VGN Load 10 MPa BD 71.8 77.7 84.2 84.2 91.5 97.4 13.8 7.5 1.67 20 
VGN Load 15 MPa AX 79.4 87.0 90.3 90.4 93.5 98.3 6.5 4.9 1.10 20 
VGN Load 15 MPa AC 85.4 94.6 99.6 99.9 104.9 118.7 10.3 8.0 1.78 20 
VGN Load 15 MPa BD 73.2 79.0 85.9 85.6 92.8 98.9 13.8 7.4 1.66 20 
VGN Load 20 MPa AX 80.2 88.3 91.2 91.4 93.9 103.0 5.7 5.0 1.12 20 
VGN Load 20 MPa AC 86.2 95.7 100.4 100.8 105.2 120.5 9.5 8.0 1.80 20 
VGN Load 20 MPa BD 74.3 81.0 86.3 86.5 93.1 100.0 12.1 7.3 1.63 20 
PGR Load 0 MPa AX 71.7 79.6 82.8 84.8 90.5 96.6 10.9 7.6 1.90 16 
PGR Load 0 MPa AC 71.5 79.3 81.8 80.8 83.9 86.3 4.6 5.2 2.14 6 
PGR Load 0 MPa BD 72.8 74.3 76.0 76.1 76.3 81.7 2.0 3.1 1.26 6 
PGR Load 2.5 MPa AX 79.9 80.4 81.0 81.0 81.3 82.4 0.9 0.9 0.37 6 
PGR Load 2.5 MPa AC 72.1 79.4 82.3 81.4 85.0 87.5 5.6 5.5 2.26 6 
PGR Load 2.5 MPa BD 72.8 75.5 77.3 77.5 78.1 84.2 2.6 3.9 1.58 6 
PGR Load 5 MPa AX 80.1 82.3 83.1 82.7 83.7 83.9 1.4 1.4 0.58 6 
PGR Load 5 MPa AC 72.6 79.8 82.7 81.8 85.8 87.5 6.0 5.5 2.23 6 
PGR Load 5 MPa BD 73.5 76.8 78.5 78.5 79.6 84.3 2.7 3.6 1.48 6 
PGR Load 10 MPa AX 85.7 85.8 86.5 86.9 87.9 88.6 2.1 1.3 0.53 6 
PGR Load 10 MPa AC 75.2 82.2 84.4 83.4 86.4 87.8 4.2 4.6 1.88 6 
PGR Load 10 MPa BD 75.7 79.3 80.4 80.5 80.8 86.3 1.5 3.5 1.41 6 
PGR Load 15 MPa AX 88.0 88.3 88.4 88.7 88.9 90.2 0.5 0.8 0.32 6 
PGR Load 15 MPa AC 76.0 83.1 86.0 84.7 88.0 89.1 4.9 4.9 1.99 6 
PGR Load 15 MPa BD 79.1 80.5 82.3 82.4 82.8 87.5 2.3 2.9 1.20 6 
PGR Load 20 MPa AX 80.2 82.2 82.9 83.3 83.9 87.8 1.7 2.6 1.05 6 
PGR Load 20 MPa AC 89.0 89.5 90.5 90.3 91.0 91.1 1.6 0.9 0.38 6 
PGR Load 20 MPa BD 79.1 83.6 86.8 85.9 89.0 90.2 5.4 4.3 1.75 6 
 
APPENDIX F: Descriptive statistics 
Table F.17: Descriptive statistics for bulk modulus in GPa. Min is minimum value, Q1 is first quartile 
value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is interquartile 
range, SD is standard deviation, SEM is standard error of the mean, and N is sample size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 31.8 43.5 47.5 47.8 51.3 61.0 7.8 6.4 1.20 28 
Current data VGN 37.7 44.4 49.5 50.3 54.0 80.8 9.6 8.4 1.00 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 41.9 49.2 51.0 49.7 51.7 52.8 2.5 3.1 0.68 21 
VGN 0.4-0.6 m 44.3 48.3 50.6 51.2 56.5 59.1 8.1 4.7 1.02 21 
VGN 0.6-0.8 m 40.0 47.6 50.8 54.5 59.7 72.7 12.1 9.5 1.26 56 
VGN 0.8-1.0 m 37.7 47.8 51.4 52.2 55.2 75.3 7.4 8.3 0.87 90 
VGN 1.0-1.2 m 42.5 49.9 54.3 52.7 56.0 58.9 6.1 4.5 0.76 36 
VGN 1.2+ m 38.2 47.1 51.5 52.8 57.0 82.8 9.9 8.8 0.73 144 
PGR 0.0-0.2 m 31.8 43.5 47.5 46.7 49.3 54.6 5.8 5.2 1.16 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 37.7 40.8 43.6 45.1 48.1 60.3 7.3 6.1 1.36 20 
PGR 0.6-0.8 m 43.9 47.2 48.1 49.2 50.8 57.9 3.6 3.3 0.69 22 
PGR 0.8-1.2 m 45.9 48.2 49.9 49.8 50.7 54.7 2.6 2.3 0.38 36 
PGR 1.2+ m 42.0 45.6 50.2 49.2 52.7 55.1 7.1 4.3 1.02 18 
Previous UCS data PGR 24.6 31.4 43.3 42.7 49.1 82.8 17.7 15.1 4.18 13 
Previous UCS data VGN 20.5 36.9 42.1 42.3 46.7 73.7 9.8 9.4 1.09 74 
Previous UCS data DGN 16.7 32.8 36.3 36.1 42.5 48.2 9.6 8.3 1.91 19 
Current UCS data PGR 43.4 45.7 48.7 49.7 53.9 57.0 8.2 5.5 2.24 6 
Current UCS data VGN 34.9 50.4 58.1 60.2 71.9 95.2 21.5 15.3 3.43 20 
VGN Load 0 MPa AX 40.0 44.3 45.9 47.1 50.5 59.0 6.1 4.6 0.83 30 
VGN Load 0 MPa AC 48.2 51.2 57.4 58.5 62.5 80.8 11.3 9.1 2.03 20 
VGN Load 0 MPa BD 37.7 42.0 46.9 47.0 51.4 59.4 9.5 6.5 1.45 20 
VGN Load 2.5 MPa AX 45.0 46.2 47.9 48.4 49.3 56.0 3.0 3.0 0.67 20 
VGN Load 2.5 MPa AC 47.7 50.7 56.9 58.3 62.1 81.6 11.4 9.3 2.07 20 
VGN Load 2.5 MPa BD 38.3 42.9 48.1 48.1 53.3 60.6 10.3 6.7 1.50 20 
VGN Load 5 MPa AX 45.5 48.0 48.6 49.5 50.8 56.0 2.8 2.9 0.64 20 
VGN Load 5 MPa AC 48.1 51.2 57.0 58.7 62.7 82.3 11.5 9.5 2.12 20 
VGN Load 5 MPa BD 39.5 43.8 48.8 49.0 52.9 62.7 9.1 6.8 1.51 20 
VGN Load 10 MPa AX 45.8 49.1 50.3 51.0 52.9 57.7 3.8 3.1 0.68 20 
VGN Load 10 MPa AC 48.4 51.7 57.6 59.1 63.3 81.9 11.6 9.2 2.05 20 
VGN Load 10 MPa BD 41.3 44.6 50.1 50.1 54.6 62.8 10.0 6.6 1.46 20 
VGN Load 15 MPa AX 46.4 50.6 51.1 51.8 53.7 56.7 3.1 2.7 0.61 20 
VGN Load 15 MPa AC 48.8 51.8 57.4 59.3 63.1 81.4 11.3 8.9 1.99 20 
VGN Load 15 MPa BD 41.6 45.6 51.2 51.0 55.7 63.6 10.1 6.6 1.48 20 
VGN Load 20 MPa AX 46.9 50.6 52.1 52.4 53.4 60.3 2.8 2.8 0.64 20 
VGN Load 20 MPa AC 50.1 53.2 59.0 59.9 63.5 82.8 10.3 9.0 2.02 20 
VGN Load 20 MPa BD 41.6 46.6 50.7 51.3 56.4 64.1 9.8 6.6 1.47 20 
PGR Load 0 MPa AX 31.8 45.4 48.2 49.1 53.9 61.0 8.6 7.6 1.90 16 
PGR Load 0 MPa AC 39.2 48.0 49.6 47.9 50.1 51.7 2.1 4.5 1.83 6 
PGR Load 0 MPa BD 42.0 42.9 43.5 44.4 45.4 48.9 2.5 2.6 1.05 6 
PGR Load 2.5 MPa AX 45.8 46.5 47.1 47.2 47.8 49.0 1.3 1.1 0.46 6 
PGR Load 2.5 MPa AC 38.3 47.5 48.5 47.6 50.2 52.2 2.6 4.9 1.98 6 
PGR Load 2.5 MPa BD 42.8 43.0 44.6 45.3 45.9 50.9 3.0 3.1 1.26 6 
PGR Load 5 MPa AX 46.5 47.9 48.5 48.3 49.1 49.5 1.2 1.1 0.45 6 
PGR Load 5 MPa AC 37.7 47.4 48.1 47.4 49.9 52.6 2.5 5.1 2.09 6 
PGR Load 5 MPa BD 42.9 43.9 45.5 45.8 46.8 50.4 2.9 2.7 1.11 6 
PGR Load 10 MPa AX 48.9 50.8 51.8 51.8 53.2 54.0 2.4 1.9 0.77 6 
PGR Load 10 MPa AC 38.7 47.3 48.9 47.7 49.9 52.7 2.5 4.8 1.96 6 
PGR Load 10 MPa BD 43.7 44.7 46.1 46.8 47.9 52.0 3.2 3.0 1.24 6 
PGR Load 15 MPa AX 52.4 52.8 53.0 52.9 53.0 53.4 0.1 0.3 0.12 6 
PGR Load 15 MPa AC 38.8 48.3 49.6 48.4 49.9 54.4 1.6 5.2 2.11 6 
PGR Load 15 MPa BD 43.6 45.5 47.8 47.7 49.2 52.3 3.7 3.1 1.28 6 
PGR Load 20 MPa AX 43.5 47.0 47.7 48.0 49.7 51.9 2.7 2.9 1.19 6 
PGR Load 20 MPa AC 53.2 53.4 54.0 54.0 54.6 54.7 1.2 0.7 0.29 6 
PGR Load 20 MPa BD 41.3 48.9 49.4 49.1 50.4 55.1 1.5 4.4 1.81 6 
 
APPENDIX F: Descriptive statistics 
Table F.18: Descriptive statistics for Young’s modulus in GPa. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous data PGR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data VGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Previous data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 56.5 62.3 63.5 65.1 69.6 73.7 7.4 4.8 0.91 28 
Current data VGN 51.4 62.5 68.2 68.1 73.6 90.1 11.0 8.0 0.95 70 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
VGN 0.2-0.4 m 61.6 69.2 71.3 71.4 74.2 78.3 5.0 4.5 0.99 21 
VGN 0.4-0.6 m 51.4 66.7 73.9 71.0 75.8 78.5 9.1 6.7 1.45 21 
VGN 0.6-0.8 m 54.9 65.4 69.2 69.5 72.6 82.8 7.2 5.7 0.77 56 
VGN 0.8-1.0 m 57.5 63.6 69.8 70.8 77.6 88.9 14.1 8.5 0.89 90 
VGN 1.0-1.2 m 60.4 68.4 74.1 74.2 80.4 87.0 12.0 8.1 1.34 36 
VGN 1.2+ m 54.9 64.2 69.4 69.4 74.8 82.9 10.6 6.8 0.57 144 
PGR 0.0-0.2 m 56.5 59.3 62.7 62.8 65.2 73.7 5.9 4.6 1.02 20 
PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
PGR 0.4-0.6 m 60.3 64.7 67.7 67.2 70.0 72.1 5.3 3.5 0.79 20 
PGR 0.6-0.8 m 61.6 64.7 66.9 67.0 69.8 72.1 5.2 3.1 0.67 22 
PGR 0.8-1.2 m 58.5 63.7 66.1 66.4 69.1 73.7 5.3 3.7 0.61 36 
PGR 1.2+ m 60.2 63.8 65.4 65.2 66.9 68.9 3.1 2.5 0.59 18 
Previous UCS data PGR 43.9 54.6 59.7 59.9 64.9 75.6 10.3 8.2 2.28 13 
Previous UCS data VGN 38.8 57.0 61.1 61.9 66.3 89.7 9.3 9.4 1.09 74 
Previous UCS data DGN 35.0 52.1 57.9 56.3 62.3 78.0 10.2 10.0 2.30 19 
Current UCS data PGR 61.9 64.9 65.7 65.1 66.2 66.5 1.4 1.7 0.70 6 
Current UCS data VGN 44.6 54.9 56.1 57.2 60.7 65.7 5.8 5.0 1.11 20 
VGN Load 0 MPa AX 51.4 63.1 68.3 68.2 71.9 90.1 8.8 8.1 1.48 30 
VGN Load 0 MPa AC 57.5 69.7 74.2 73.8 77.5 86.1 7.8 6.7 1.49 20 
VGN Load 0 MPa BD 54.9 59.5 61.8 62.2 64.2 72.7 4.7 4.1 0.92 20 
VGN Load 2.5 MPa AX 57.5 65.1 69.2 69.0 72.8 77.2 7.7 5.0 1.12 20 
VGN Load 2.5 MPa AC 59.3 71.1 75.0 74.6 78.0 86.2 7.0 6.3 1.41 20 
VGN Load 2.5 MPa BD 55.2 60.2 62.6 62.9 64.9 73.4 4.7 4.3 0.97 20 
VGN Load 5 MPa AX 59.9 66.3 69.9 70.2 74.5 78.1 8.2 4.8 1.06 20 
VGN Load 5 MPa AC 60.6 72.0 76.3 75.6 79.1 87.0 7.1 6.1 1.37 20 
VGN Load 5 MPa BD 55.7 61.6 63.4 63.8 65.8 74.2 4.2 4.3 0.96 20 
VGN Load 10 MPa AX 61.7 68.6 71.6 71.8 75.6 79.7 7.0 4.5 1.01 20 
VGN Load 10 MPa AC 62.3 73.3 77.7 76.7 80.1 88.3 6.9 6.1 1.36 20 
VGN Load 10 MPa BD 56.4 63.2 65.0 65.4 67.1 76.9 3.9 4.7 1.04 20 
VGN Load 15 MPa AX 63.1 69.5 73.3 73.2 77.3 80.3 7.7 4.6 1.03 20 
VGN Load 15 MPa AC 64.0 74.1 78.4 77.6 81.6 88.7 7.5 5.9 1.33 20 
VGN Load 15 MPa BD 58.3 64.1 65.9 66.4 68.3 77.6 4.2 4.5 1.01 20 
VGN Load 20 MPa AX 63.6 70.6 74.0 74.0 78.0 82.2 7.4 4.8 1.06 20 
VGN Load 20 MPa AC 63.9 74.5 79.4 78.2 82.4 88.9 7.9 6.0 1.35 20 
VGN Load 20 MPa BD 59.0 64.9 67.1 67.4 69.1 78.3 4.1 4.5 1.01 20 
PGR Load 0 MPa AX 62.4 63.2 69.0 67.7 70.3 73.7 7.1 4.0 1.00 16 
PGR Load 0 MPa AC 56.5 60.8 63.1 62.9 65.2 69.0 4.4 4.4 1.78 6 
PGR Load 0 MPa BD 57.2 58.9 60.9 60.4 61.9 63.2 3.0 2.3 0.93 6 
PGR Load 2.5 MPa AX 63.7 63.9 64.0 64.4 64.2 66.6 0.3 1.1 0.44 6 
PGR Load 2.5 MPa AC 58.0 62.8 64.9 64.5 66.6 70.2 3.8 4.2 1.71 6 
PGR Load 2.5 MPa BD 57.5 60.3 61.6 61.5 63.4 64.5 3.1 2.6 1.05 6 
PGR Load 5 MPa AX 64.1 65.0 65.3 65.6 65.9 68.1 1.0 1.4 0.56 6 
PGR Load 5 MPa AC 59.6 64.2 65.6 65.5 67.5 70.5 3.3 3.7 1.51 6 
PGR Load 5 MPa BD 58.4 61.1 62.4 62.4 64.5 65.4 3.4 2.7 1.08 6 
PGR Load 10 MPa AX 66.6 66.7 67.1 67.5 67.7 69.9 1.1 1.3 0.53 6 
PGR Load 10 MPa AC 62.3 66.4 67.4 67.5 69.6 71.5 3.2 3.3 1.33 6 
PGR Load 10 MPa BD 59.6 63.1 64.4 64.2 65.8 67.7 2.7 2.8 1.16 6 
PGR Load 15 MPa AX 67.7 68.3 68.5 68.9 69.1 71.5 0.9 1.4 0.55 6 
PGR Load 15 MPa AC 63.3 67.4 68.3 68.5 70.6 72.9 3.3 3.4 1.38 6 
PGR Load 15 MPa BD 61.0 64.3 66.2 66.0 67.4 70.8 3.1 3.4 1.38 6 
PGR Load 20 MPa AX 62.7 65.5 67.1 67.0 68.5 71.5 2.9 3.0 1.24 6 
PGR Load 20 MPa AC 68.8 68.9 69.4 69.8 70.2 72.1 1.3 1.3 0.51 6 
PGR Load 20 MPa BD 64.7 68.4 69.8 69.6 71.0 73.7 2.5 3.0 1.24 6 
 
APPENDIX F: Descriptive statistics 
Table F.19: Descriptive statistics for crack initiation stress, crack damage stress and uniaxial 
compressive strength in MPa. Min is minimum value, Q1 is first quartile value, Med is median value, 
Q3 is third quartile value, Max is maximum value, IQR is interquartile range, SD is standard 
deviation, SEM is standard error of the mean, and N is sample size. 
CI Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 32.0 49.8 57.5 57.2 65.3 79.0 15.5 12.7 3.65 12 
Previous ONKALO data VGN 34.0 44.0 50.0 52.3 59.0 83.0 15.0 9.8 1.35 53 
Previous ONKALO data DGN 0.0 36.8 49.5 47.5 57.0 78.0 20.3 16.1 3.59 20 
Current data PGR 41.0 45.0 50.0 59.6 72.0 90.0 27.0 20.8 9.30 5 
Current data VGN 24.0 36.0 50.5 46.4 55.3 63.0 19.3 11.8 2.63 20 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.8-1.2 m 31.0 46.0 53.0 50.3 58.0 60.0 12.0 10.9 4.11 7 
Current data VGN 1.2+ m 27.0 36.0 46.0 43.5 50.5 55.0 14.5 9.7 3.41 8 
Current data PGR 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.8+ m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
CD           
Previous ONKALO data PGR 54.0 77.0 89.0 85.2 93.0 119.0 16.0 16.8 4.67 13 
Previous ONKALO data VGN 61.0 86.5 100.0 102.7 113.0 153.0 26.5 22.1 3.07 52 
Previous ONKALO data DGN 0.0 59.8 76.0 77.1 94.0 143.0 34.3 30.1 6.73 20 
Current data PGR 117.0 134.3 140.0 137.3 143.0 152.0 8.8 14.6 7.32 4 
Current data VGN 66.0 76.5 83.0 87.0 98.5 116.0 22.0 14.8 3.39 19 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.8-1.2 m 76.0 79.3 86.5 90.2 96.0 116.0 16.8 15.0 6.14 6 
Current data VGN 1.2+ m 66.0 68.0 79.5 79.6 84.0 104.0 16.0 13.0 4.58 8 
Current data PGR 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.8+ m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
UCS           
Previous ONKALO data PGR 52.3 92.0 99.2 102.3 121.0 156.7 29.0 26.9 7.46 13 
Previous ONKALO data VGN 63.5 95.8 114.5 112.5 122.6 162.4 26.7 22.1 2.81 62 
Previous ONKALO data DGN 0.0 67.8 94.1 85.5 101.4 152.4 33.6 32.3 7.22 20 
Current data PGR 135.2 139.6 152.3 155.1 168.5 181.8 28.9 19.1 7.79 6 
Current data VGN 74.6 88.7 99.6 99.8 111.2 125.8 22.5 15.3 3.43 20 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.8-1.2 m 87.0 93.0 101.4 101.3 104.7 125.8 11.7 12.9 4.86 7 
Current data VGN 1.2+ m 74.6 77.0 87.2 90.9 101.1 114.2 24.1 16.0 5.64 8 
Current data PGR 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.8+ m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
 
 
APPENDIX F: Descriptive statistics 
Table F.20: Descriptive statistics for CI/UCS-ratio and CD/UCS-ratio in SI. Min is minimum value, Q1 
is first quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
CI/UCS-ratio Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 0.00 0.49 0.53 0.50 0.59 0.72 0.10 0.17 0.047 13 
Previous ONKALO data VGN 0.30 0.41 0.46 0.48 0.53 1.02 0.12 0.12 0.016 53 
Previous ONKALO data DGN 0.00 0.52 0.56 0.54 0.60 0.70 0.08 0.14 0.031 20 
Current data PGR 0.29 0.30 0.33 0.37 0.42 0.50 0.12 0.09 0.040 5 
Current data VGN 0.20 0.38 0.49 0.47 0.59 0.67 0.21 0.13 0.029 20 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.8-1.2 m 0.31 0.40 0.51 0.51 0.63 0.67 0.23 0.14 0.053 7 
Current data VGN 1.2+ m 0.32 0.44 0.49 0.48 0.55 0.62 0.11 0.11 0.039 8 
Current data PGR 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.8+ m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
CD/UCS-ratio           
Previous ONKALO data PGR 0.76 0.78 0.83 0.85 0.92 1.03 0.14 0.09 0.025 13 
Previous ONKALO data VGN 0.69 0.86 0.92 0.92 0.98 1.08 0.12 0.09 0.012 52 
Previous ONKALO data DGN 0.00 0.84 0.91 0.86 0.94 1.04 0.10 0.21 0.047 20 
Current data PGR 0.86 0.87 0.89 0.89 0.91 0.93 0.04 0.03 0.015 4 
Current data VGN 0.67 0.87 0.89 0.87 0.92 0.94 0.06 0.08 0.018 19 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.8-1.2 m 0.73 0.86 0.88 0.87 0.91 0.94 0.05 0.07 0.029 6 
Current data VGN 1.2+ m 0.72 0.88 0.89 0.88 0.92 0.93 0.04 0.07 0.025 8 
Current data PGR 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.8+ m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX F: Descriptive statistics 
Table F.21: Descriptive statistics for tensile strength in MPa. Min is minimum value, Q1 is first 
quartile value, Med is median value, Q3 is third quartile value, Max is maximum value, IQR is 
interquartile range, SD is standard deviation, SEM is standard error of the mean, and N is sample 
size. 
 
Min Q1 Med Mean Q3 Max IQR SD SEM N 
Previous ONKALO data PGR 3.8 7.9 9.1 8.9 10.4 12.3 2.6 2.1 0.30 51 
Previous ONKALO data VGN 4.5 8.4 11.3 11.2 14.2 19.7 5.8 3.4 0.40 75 
Previous ONKALO data DGN 0.0 9.7 11.5 11.0 12.6 15.4 2.9 2.9 0.56 26 
Current data PGR 7.8 9.1 10.7 10.5 11.6 13.4 2.6 2.1 0.84 6 
Current data VGN 6.6 8.2 9.3 9.8 11.0 15.3 2.8 2.3 0.53 19 
Current data DGN N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data VGN 0.8-1.2 m 7.8 9.2 9.8 10.1 10.8 13.3 1.6 1.9 0.77 6 
Current data VGN 1.2+ m 6.6 7.2 9.5 9.2 10.5 13.0 3.3 2.3 0.80 8 
Current data PGR 0.0-0.2 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.2-0.4 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.4-0.6 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.6-0.8 m N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Current data PGR 0.8+ m 7.8 9.6 11.0 10.8 12.2 13.4 2.6 2.4 1.20 4 
 
 
 
 
 
 
 
 
APPENDIX G: Spearman rho values 
All observed correlations and corresponding critical values. Due to the volume of data, Appendix 
G is only available in electronic format by request from Posiva. 
